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Acerca de este libro 


Esta es una copia digital de un libro que, durante generaciones, se ha conservado en las estanterías de una biblioteca, hasta que Google ha decidido 
escanearlo como parte de un proyecto que pretende que sea posible descubrir en línea libros de todo el mundo. 


Ha sobrevivido tantos años como para que los derechos de autor hayan expirado y el libro pase a ser de dominio público. El que un libro sea de 
dominio püblico significa que nunca ha estado protegido por derechos de autor, o bien que el período legal de estos derechos ya ha expirado. Es 
posible que una misma obra sea de dominio püblico en unos países y, sin embargo, no lo sea en otros. Los libros de dominio publico son nuestras 
puertas hacia el pasado, suponen un patrimonio histórico, cultural y de conocimientos que, a menudo, resulta difícil de descubrir. 


Todas las anotaciones, marcas y otras señales en los márgenes que estén presentes en el volumen original aparecerán también en este archivo como 
testimonio del largo viaje que el libro ha recorrido desde el editor hasta la biblioteca y, finalmente, hasta usted. 


Normas de uso 


Google se enorgullece de poder colaborar con distintas bibliotecas para digitalizar los materiales de dominio püblico a fin de hacerlos accesibles 
a todo el mundo. Los libros de dominio püblico son patrimonio de todos, nosotros somos sus humildes guardianes. No obstante, se trata de un 
trabajo caro. Por este motivo, y para poder ofrecer este recurso, hemos tomado medidas para evitar que se produzca un abuso por parte de terceros 
con fines comerciales, y hemos incluido restricciones técnicas sobre las solicitudes automatizadas. 


Asimismo, le pedimos que: 


+ Haga un uso exclusivamente no comercial de estos archivos Hemos diseñado la Búsqueda de libros de Google para el uso de particulares; 
como tal, le pedimos que utilice estos archivos con fines personales, y no comerciales. 


+ No envíe solicitudes automatizadas Por favor, no envíe solicitudes automatizadas de ningün tipo al sistema de Google. Si está llevando a 
cabo una investigación sobre traducción automática, reconocimiento óptico de caracteres u otros campos para los que resulte util disfrutar 
de acceso a una gran cantidad de texto, por favor, envíenos un mensaje. Fomentamos el uso de materiales de dominio püblico con estos 
propósitos y seguro que podremos ayudarle. 


+ Conserve la atribución La filigrana de Google que verá en todos los archivos es fundamental para informar a los usuarios sobre este proyecto 
y ayudarles a encontrar materiales adicionales en la Büsqueda de libros de Google. Por favor, no la elimine. 


+ Manténgase siempre dentro de la legalidad Sea cual sea el uso que haga de estos materiales, recuerde que es responsable de asegurarse de 
que todo lo que hace es legal. No dé por sentado que, por el hecho de que una obra se considere de dominio püblico para los usuarios de 
los Estados Unidos, lo será también para los usuarios de otros países. La legislación sobre derechos de autor varía de un país a otro, y no 
podemos facilitar información sobre si está permitido un uso específico de algün libro. Por favor, no suponga que la aparición de un libro en 
nuestro programa significa que se puede utilizar de igual manera en todo el mundo. La responsabilidad ante la infracción de los derechos de 
autor puede ser muy grave. 


Acerca de la Busqueda de libros de Google 


El objetivo de Google consiste en organizar información procedente de todo el mundo y hacerla accesible y útil de forma universal. El programa de 
Büsqueda de libros de Google ayuda a los lectores a descubrir los libros de todo el mundo a la vez que ayuda a autores y editores a llegar a nuevas 


audiencias. Podrá realizar búsquedas en el texto completo de este libro en la web, en la página|ht tp: //books.google.com 


This is a reproduction of a library book that was digitized 
by Google as part of an ongoing effort to preserve the 
information in books and make it universally accessible. 
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American OInstitufe of Xlectrícal Engineers 


Resolutions in bonor of pastspreeioent 
William Arnold Antbonyp, adopted by tbe 
Board of Directors Friday, June 12, 1908 


Wibereas: In the death of Professor William Arnold Anthony who de- 
parted this life on Мау 29, 1908, the American Institute of Electrical Engineers 
has lost one of its earliest members, who throughout the formative years of the 
Institute served it devotedly as member and as President; and 


Wibereas: Не was а pioneer among electrical engineers and in the cause 
of technical and scientific education in America; a teacher of rare ability and 
power to whom a host of pupils, now active in science and its applications owe 
their first inspiration ; and 


Wibereas: His skill as an experimenter, his enthusiasm, insight, and devo- 
tion as а man of science commanded universal admiration while his sterling 
· character, single-mindedness, warmness of heart and generosity endeared him to 
all who knew him ; 


Be it Resolved: That the American Institute of Electrical Engineers ex- 
presses its sense of the great loss which the engineering profession and the cause of 
science has sustained in his death; and 


Be it Furtber Resolved: That these resolutions be entered in full in the 
Proceedings of the Institute and that copies be forwarded to the surviving mem- 
bers of his family. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 
HENRY G. STOTT, 


President. 
By order of the Board of Directors. 


RALPH У. POPE, | 
Secretary. 


WILLIAM ARNOLD ANTHONY 


Past-president of the American Institute of Electrical Engineers, 1890-91 
Born November 17, 1835; died May 29, 1908' 
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Convention Papers and č Dis- 
cussions 

Cys to the large number of pa- 

pers to be presented and discussed 
at the Atlantic City convention, and the 
limited time allotted to the professional 
sessions, it will be necessary to set 
a time-limit on the presentation of 
papers and discussions. As most of the 
35 papers to be presented have been 
printed for some time, those not appear- 
ing previously being contained in this 
PROCEEDINGS, all members taking part 


in the discussion will have had ample 


time to prepare their remarks before the 
convention begins. Nor under the con- 
ditions will it be necessary for any 
author to read his paper in full; much 
time will be saved for discussion by 
having the authors present their papers 
in abstract within the time-l'mit 
set by the сћаустап of the Meetings 


EDITORIAL 1 


and Papers Committee. The papers to 
be presented cover, approximately, 17 
pages in the March PRocEEpiNGs, 164 
pages in the May PROCEEDINGS, 350 
pages in the June ProcEEDINGS, and 
250 pages in the July PRocEEDINGS—a 
total of 667 pages, not counting the 
President's address. In accordance with 
the convention program, these papers 
are to be presented at eight different 
sessions from Monday, June 29, to 
Thursdav, July 2. The total time al- 
lotted to these eight sessions is 1320 
minutes, or approximately 39 minutes 
for every paper and the complete dis- 
cussion thereon. Allowing for the time 
occupied by the Address of Welcome 
and the President’s address, and the 
intermissions of one kind or another 
that usually attend meetings of this 
sort, it 1$ unlikely that more than 30 
minutes can be allowed on the average 
for each paper and the discussion on 
it. As some of the papers are of more 
than ordinary interest, it may be nec- 
essary in such cases to extend the time- 
limit for both the paper and discussion; 
whenever this is found advisable, 
the extension will be regulated bv the 
presiding officer at the session at 
which the paper is presented. 


The Convention and the Cone 
stitution 
Г accordance with Section 62 of Ar- 
ticle VIII of the Constitution, there 
shall be held outside of the city of New 
York. not later than August first, an 
annual convention of the Institute. At 
this convention, in addition to the pre- 
sentation and discussion of professional 
papers, other matters of immediate in- 
terest to the members may be brought 
up for discussion, and may be referred, 
with recommendations, by a majority 
vote, to the Board of Directors. In 
granting the convention this privilege, 
however, the Constitution limits the 
power of a convention bv stating, fur- 
ther, that no convention shall have the 
privilege of transacting any business 
that may affect either the policy or the 
organization of the Institute. 
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Announcement of the Twenty-fifth AnnualConvention 
Atlantic City, N. J., June 29 to July 2, 1908 


The Institute Headquarters during 
the convention will be at the Hotel 
Traymore. Upon arrival in Atlantic 
City, please register at the INsTITUTE 
headquarters and obtain an identifica- 
tion badge. The convention sessions 
will be held in the Hotel Traymore. 


Convention Committee, 1908 


W. С. L. EcriN, Chairman, 1000 
Chestnut St., Philadelphia, Pa. 

CHARLES Day, 608 Chestnut St., 
Philadelphia, Pa. | 

J. J. Сівѕом, 705 Land Title Build- 
ing. Philadelphia, Pa. 

NATHAN HavwanRp, Bell Telephone 
Co., Philadelphia, Pa. 

Н. Е. SaNviLLE, 1122 North Ameri- 
can Building, Philadelphia, Pa. 

PAUL SPENCER, Broad and Arch Sts., 
Philadelphia, Pa. 


PROGRAM t 
Monday, June 29 
MORNING SESSION— 11 А.М. TO 12.30 P.M. 


1. Address of Welcome. 

2. President's Address: by Нехку С. 
STOTT. 

3. С. M. Сорракр, “ Electricity as 
Viewed by the Insurance Engineer. 
Should the A.I.E.E. Interest Itself 
in Fire Protection?” 

4. Е. С. Baum, “ Water Power Develop- 
ment in the National Forests. А 
Suggested Government Policy.” 


AFTERNOON SESSION—-2 Р.М. TO 5 P.M. 


5. W. БЕБЕ CAMPBELL, “А Study of 
Multiotfice Automatic Switchboard 
Telephone Systems." 

6. R. А. FESSENDEN, ‘‘ Wireless Tele- 
phony.” 

7. А. Е. KENNELLY and S. E. WHITING, 
“ The Measurement of Rotary Speeds 
of Dvnamo Machines by the Strobo- 
scopic Fork.” 


+The sequence of papersand the dates assigned 
are subject to change. 


8. CHas. Е. WaADDELL, ‘‘ Notes on the 
Electric Heating Plant of the Bilt- 
more Estate.” 


Tuesday, June ЗО 
MORNING SESSION—9.30 A.M. TO 12.30 P.M. 


9. Е. Е. Е. Creicuton, “ Measure- 
ments of Lightning, Aluminum Light- 
ning-arresters, Earth Resistances, Ce- 
ment Resistances,and Kindred Tests.” 

10. Ernst J. Bera, “ Tests with Arcing 
Grounds and Connections.” 

11. AvsrIN Вект,“ Three-phase Power 
Factor." 

12. Percy Н. THoMas. “ Critical 
Study of Lightning Records on Tay- 
lor's Falls Transmission Line.” 

13. J. W. Fraser, “ Engineering Fea- 
tures of the Southern Power Com- 
pany's System.” 


EVENING SESSION—8 P.M. TO 10.30 р.м. 


14. RALPH D. Мевзнох, '' High-Volt- 
age Experiments at Niagara." 

15. D. К. ScHorEss, ''Fundamental 
Considerations Governing the Design 
of Transmission Line Structures.” 

16. C. E. SKINNER, “ The Testing of 
High-Voltage Line Insulators.” 


Wednesday, July i 
MORNING SESSION—9.30 A. M. TO 12.30 P.M. 


17. COMFORT А. Арам5, “ Voltage 
Ratio in Synchronous Converters, 
with Special Reference to the Split- 
Pole Converter.” 

18. J. LEsTER WOODBRIDGE, “ Applica- 
tion of Storage-Batteries to. Regula- 
tion of Alternating-Current Systems.” 

19. B. A. ВЕНВЕХЬ, “А New Large 
Generator for Niagara Falls.” 

20. W. L. Waters, " Modern Develop- 
ments in Single-Phase Generators. ” 

21. Jens Васне-М№ис, '* Application of 
Fractional-Pitch Windings to Alter- 
nating-Current Generators." 
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22. J. В. Brssins, ‘* Double-Deck 
Steam Turbine Power Plants.” 

23. J. В. BiBBisNs, “ Working Results 
from Gas-Electric Power Plant. Re- 
port of 30 Day Test on Service 
Plant, Richmond Works, American 
Locomotive Company.” 


AFTERNOON SESSION—2 P.M. ТО 5 P.M. 


24. J. В. WHITEHEAD, ** From Steam to 
Electricity on a Single-Track Road. ” 

25. Н. С. $РЕснт, “ Induction Motors 
for Multispeed Service with Par- 
ticular Reference to Cascade Opera- 
поп." 

26. GERARD B. WERNER, “The De- 
termination of the Economic Loca- 
tion of Sub-Stations in Electric 
Railways." 

27. S. B. ЕОЕТЕМВАССН, “ Conductor 
Rail Measurements." 


Tharsday, July 3 
MORNING SESSION—09.30A.M. TO 12.30 P.M. 


28. C. P. SrEINMETZ, ' The General 
Equations of the Electric Circuit. ” 

29. C. P. STEINMETZ, “ Primary Stan- 
dard of Light.” 

30. CanL Невхс, “ An Imperfection 
in the Usual Statement of the Funda- 
mental Lawof Electromagnetic Induc- 
tion." (With discussions by letter). 

31. В. E. HELLMUND, “Graphical Treat- 
ment of the Rotating Field." 

32. HAROLD "PENDER, “ А Minimum- 
Work Method for the Solution of 
Alternating-Current Problems.” 

33. CARL J. FECHHEIMER, ‘ The Rela- 
tive Proportions of Copper and Iron 
in Alternators.” 


AFTERNOON SESSION—2 Р.М. TO 3 P.M. 


34. М. W. ALEXANDER, “А New 
Method of Training Engineers." 

35. D. B. Кознмове, “ The Relation 
of the Manufacturing Company to the 
Technical Graduate.” 

36. B. A. BEHREND, “ The Relation of 
the Manufacturing Company to the 
Technical Graduate.” 
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Entertainment 


The local committee has arranged the 
following events: 

А reception followed by a dance will 
be given at the Hotel Traymore on 
Monday evening, June 29. All mem- 
bers and guests in attendance at the 
convention are invited. 

Tickets of admission to the Steel 
Pier, and possibly some of the other 
piers, will be provided for the visiting 
ladies. Informal sailing parties on 
the fleet of yachts which leave from 
the inlet will be arranged. Tickets 
may be obtained at the Institute 
headquarters in the Hotel Traymore. 

Members who desire to play golf 
will be accorded the privileges of the 
Atlantic City Golf Club's Links. Cards 
may be obtained on application at the 
Institute headquarters. 

А Tea will be given at the Golf Club 
on Tuesday afternoon, June 30. 

The bathing at Atlantic City is so 
excellent and the other attractions and 
amusements are so varied and exten- 
sive that it has been deemed inad- 
visable to make any arrangements for 
entertainment other than those men- 
tioned above. 


Transportation Arrangements 


General. Every person who intends 
to attend the Convention should make 
his own arrangements for transporta- 
tion. 

The concession of one-third fare for 
the return trip on the certificate plan 
which has been obtained in previous 
years for members and guests attending 
our conventions has been granted by 
only three of the passenger associations 
this year, viz., New England, Trunk 
Line, and Eastern Canadian, Passenger 
Associations. The territory controlled 
by these associations is defined on 
page 4. 

In reply to applications for concession 
and rates, the Central, Western, and 
Southeastern Passenger Associations 
and the Southwestern Excursion Bureau 
have directed attention to their summer 
tourist rates to Atlantic City, beginning 
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June 1 and ending September 30. Mem- 
bers and guests from territory controlled 
by these associations should apply 
to their local ticket agents for further 
information. 


Territory Controlled by Рав. 
senger Associations 


Trunk Line Association. All of New 
York east of a line running from 
Buffalo to Salamanca, all of Pennsyl- 
vania east of the Ohio River, all of 
New Jersey, Delaware, and Maryland, 
also the northern portions of Virginia 
and West Virginia. [Notice has been 
received that the New York, Ontario 
and Western, and the Chesapeake & 
Ohio, Railways will not grant the con- 
cession of one-third fare for the return 
trip.] 

New England Passenger Assoctation. 
Territory east of New York State. 

Eastern Canadian Passenger Associa- 
tion. Territory in Canada east of and 
including Port Arthur, Sault Ste. 
Marnie, and St. Clair and Detroit Rivers. 

Central Passenger Association. Terri- 
tory west of Buffalo, Pittsburg, Wheel- 
ing, Parkersburg, and Huntington to 
and including Chicago and St. Louis, 
and north of the Ohio River, including 
Cincinnati, Louisville and Cairo. 


Atlantic City 


Southeastern Passenger Association. 
Territory south of the Ohio and Po- 
tomac and east of the Mississippi 
Rivers. 

Western Passenger Association. Ter- 
ritory west of Chicago, Peoria, and St. 
Louis to and including Denver, Colo., 
and Cheyenne, Wyoming. 

Southwestern Excursion Bureau. Ter- 
ritory southwest of St. Louis, including 
Texas, Arkansas, Oklahoma, Missouri 
(south of Missouri River) and Louisiana 
(west of Mississippi River). 


One and One-third Fare for 
the Round Trip 


Tickets will be issued at all the 
principal stations and ticket offices of 
the New England, the Trunk Line, and 
the Eastern Canadian Passenger Asso- 
ciations to members and guests on the 
certificate plan, which allows the holders 
of such certificates to purchase tickets 
from Atlantic City to original starting 
point via the same route as the going 
ticket, at one-third the regular fare, 
provided there are at least 100 certificates 
presented. 

Tickets at full fare for the going 
journey may be obtained three days 
exclusive of Sundays prior to the meet- 
ing, and also during the first three days 


Hotel Rates. 


Guest Proprietor or 
Hotel cap- Manager 
acity 


The Boardwalk. 
TRAYMORE (Conven- 
tion Headquarters) 
Brighton........... ЗООЈЕ. W. Hensley&Son 
Chaltonte.. ....| 600/The Leeds Co. 
Dennis. ... ‚| 600] Walter J. Buzby 


6001). S. White, Pres. 


Haddon Hall.. 450| Leeds & Lippincott 

Marlborough.. 1100) Josiah White & Sons 
-Blenheim....... 

St. Charles......... 300|Newlin Haines 

Shelburne.......... 300| Jacob Weikel 

Windsor...........| 200|G. Jason Waters 


Vermont Avenue. 


Earl-Mar Hall...... 300|L. T. Brown 


Vermont. А 150| M. E. Geiger 
Connecticut Avenue. 
Galen Hall......... 350|Galen Hall Co. 
St. Charles Flacc: 
Lorainc.. ecd 200|Charles E. Wagner 
Raleigh.. 400| Henry J. Dynes 


Virginia Avenue. 


once de Leon...... 300|A. B. Grindrod 


Berkshire Inn...... 


С. О. Marquctte, Mgr. 


Plan Rates 


American|Per day, $4 up; week, $21 up. 


American!On application. 

American|Per day, $4 up 

American|Per day, $3. 50 (о $6; weck, $21 to $35. 
American|On application. 

American|Per day, $4 to $10; wcek, $25 to $50. 
European|Per day, £? to $8; week. S13 to $33. 
American|Per day, $3 to $7; week, $17.50 to $50. 
European|Per day, $1.50 up. 

American|Per day, S3 to $6; week, $18 to $40. 
Europcan|Per day, $2 to $6. 


American|Per day, $2 to $5; week, $10 to $17.50. 
American| Per day, $1 to $3; weck, $7 to $15. 


American|On application. 


American| Рег day, $ up; week, $15 to $30. 
American|Per day, $2.50 to $4; week, $15 to $25. 


American|Per day, $2 up; week, $12 up. 
European|Per Пау, $1.50 up; week, $7.00 up. 


300| J. 0. & J. E. Dickinson| American| Per day, $2 to $5; week, $9 to $18. 
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of the meeting. The schedule dates of 
the Convention are from June 29 to 
July 3; consequently, tickets may be 
obtained not earlier than June 25, nor 
later than July 1. The going tickets 
are good on any train. The reduced 
rate return tickets are not good on some 
limited trains. 

Be sure to make application for your 
certificate when purchasing your ticket 
to Atlantic City. Should certificates 
not be available at the office where 
application is made, a ticket should be 
purchased to the nearest station where 
certificates are issued and a ticket to 
Atlantic City, together with the certifi- 
cate obtained there. Do not make the 
mistake of asking for a receipt tnstead 
of a certificate. 

It 15 advisable to ascertain in ad- 
vance whether the ticket agent from 
whom you purchase your ticket has 
the necessary instructions. Applica- 
tions for tickets and certificates should 
be made a reasonable time before train 
is scheduled to depart, as it requires a 
few minutes for the agent to fill out the 
certificates. 

Immediately after your arrival at 
Atlantic City, present your ticket to 
be viséed at the Institute head- 
quarters in the Hotel Traymore. A 
fee of twenty-five cents will be charged 
by the railroad agent for each certificate 
endorsed by him. 

It should be noted that members 
must return to the starting point, 
otherwise there will be no reduction in 
the fare. No claim for refund will be 
entertained by the railroad companies 
on account of holders of tickets return- 
ing to starting point before the requisite 
number of 100 certificates is in the 
hands of the special agent of the rail- 
ways. Return tickets at the reduced 
fare are valid for three entire days after 
the convention adjourns, not including 
Sundays; that is, on trains leaving 
Atlantic City before midnight on July 7. 
These return tickets are in all cases 
limited to continuous passage. Neither 
certificates nor return tickets are 
transferable, and the Institute has 
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agreed to redeem at full rates any return 
tickets that are found to have been 
transferred. 


Hotel Rates 


Each member should arrange for 
his own hotel accommodations; early 
application is desirable. 

The list on opposite page contains 
the names, addresses, and rates of a 
few of the well-known hotels in Atlantic 
City; the number of hotels is so large 
that lack of space prevents printing a 
complete list here. 


Report of the Committee of 
Tellers on Election of 
Officers 


May 8, 1908. 


To the President of the American Insti- 
tute of Electrical Engineers: 


Dear Sır: This committee has care- 
fully canvassed the ballots cast for offi- 
cers for the year 1908-1909. The result 
is as follows: 


Total number of envelopes said to contain 
ballots, received from Secretary........2,102 
Rejected on account of bearing no iden- 
tifying name on outer envelope, ac- 
cording to Article VI, Section 33 of 
the СопзИшпоп................... 
Rejected on account of voter being in 
arrears for dues on May 1, 1908, as 
provided in the Constitution and By- 
laws. cec Se au EM NIE ees, S128 
Rejected on account of ballot not being 
enclosed in inner envelope, or on ac- 
count of inner envelope bearing an 
identifving name, according to Ar- 
ticle VI, Section 33 of the Constitu- 
LOI io eee dad о td 
Rejected on account of having reached 
the Secretary's office after May 1, 
according to Article VI, Section 33 
of the Constitution............... 19 
—— 198 


14 


Leaving as valid ballots............. .1,904 


These valid ballots were counted, and 
the result is shown below: 


For President: 


L. А. Еегачзоп...................1,766 

К. D. Mershon................... 99. 

L.B.Sülwell. 2.54.2622 9c 20 

A. H. Апп»їгопи................. 15 

Ват Кызын e hA E ERE Pd PASS 4 
—— 1,904 
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For Узсе- ртезійспіз: 
C. С. Chesney...... .......1.868 
Calvert Townley..................1,827 
B. Gherardi............. ‚.....1,754 
С. L. Еиат...................... 79 
E. J. Вети....................... 66 
P. Junkersfeld.................... 22 
Ralph D. Mershon................ 20 
J. J- Carty evebexav а PEE 19 
А. S. Langsdorf. ................. 19 
F. S. Ни=пїпр.................... 1 
L. В. бињен.................... 1 
Blank........ 
5,712 
For Managers: 
D. B. Кизћтоге................. .1,869 
H. E. Спбога................... .1,857 
C. W. бїопе......................1,807 
W. G. Carlton...................+.1,690 
H. B. 5тїиһ..................... 103 
JG. Иса А8 
А. W. Вегтеѕѓога................. 47 
М. W. бїогет....................._ 47 
Е. $. Hunting.................... 33 
W. S. Мчггау.................... 25 
W. S.Rügg.. оны 25 
H. W. Fisher..................... 23 
E T Bent oni ga es eos 1 
Blank оз Ra exe ‚АФ. 
— —1,616 
For Treasurer: 
George А. Hamilton............... 1,901 
Blank ео 3 
—— 1,904 
For Secretary: 
Ralph W. Роре.................. . 1,900 
Ва оо dior ue 4 
—— 1,904 


Respectfully submitted, | 
Е. L. HUTCHINSON, 
Chairman. 
LEIGH S. KEITH, 
Geo. I. RHODEs, 
WALTER I. TAMLYN. 
Conimittee of Tellers. 


New Committees 


The following two committees have 
recently been appointed by President 
Stott: 


COMMITTEE ON REVISION OF THE Ву- 
LAWS 
CALVERT TOWNLEY, Chairman. 
C. C. CHESNEY. 
Percy Н. THOMAS. 


COMMITTEE ON INTERMEDIATE GRADE 
OF MEMBERSHIP 
Cuas. Е. Scott, Chairman. 
K. L. AITKEN. 
WILLIAM MCCLELLAN. 
GEORGE F. SEVER. 
PauL SPENCER. 
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Sections and Branches 


Kansas UNIVERSITY BRANCH 

A meeting was held May 7, 1908, 
Professor M. E. Rice presiding, with 
an attendance of 22. The executive 
committee was instructed to prepare 
a special program and furnish re- 
freshments for the last regular meeting 
of the year on May 21. T. T. Hamble- 
ton discussed difficulties encountered 
in his senior thesis work оп“ Determina- 
tion of Iron Losses" and Professor 
Rice then led the discussion on the 
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Institute paper, “ The Engineer's Ac- 
tivity in Public Affairs ’’, which ap- 
peared in the April PRocEEDINGs. А 
brief outline of the paper was given by 
Professor Rice, and a general discussion 
followed. 


PURDUE BRANCH 

At a meeting of the Purdue Branch 
on March 16, 1908, Professor Plumb, 
before a large audience, gave a popular 
lecture on high-frequency currents 
and their behavior. The lecture was 
profusely illustrated with simple and 
interesting experiments. 


А meeting was held in the electrical 
building, on May 12, 1908, R. B. Webb, 
presiding, with an attendance of 45. 

“ Electrical Engineering Education ", 
by Chas. P. Steinmetz, and ‘ The 
Best Engineering Education '', by C. Е. 
Scott; formed the nucleus of the even- 
ing's discussion. 

Dean Benjamin stated his own ob- 
jections to the tendency to teach too 
many things without undue specializa- 
tion in any. He pleaded for attention to 
fundamentals, and advised that the 
colege work should include the 
particular training unobtainable out- 
side of the school room. Не spoke 
of the low pay of the teaching profession 
contrasted with equal ability in com- 
mercial pursuits. He exhibited some 
interesting curves derived from a well 
known engineering school showing the 
increase in the number of instructors 
and assistants necessary to keep pace 
with the rapidly increasing enrolment. 
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Professor Harding spoke of the 
recent attention engineering education 
has been accorded by engineers and 
professors in Institute discussions. The 
professor advised the engineer to think 
rather than to memorize. He urged 
close attention. between theory and 


practice and observed the impor- 
tance of culture subjects to the 
engineer. He described six years 


as an ideal technical college course, 
the first four years to consist largely 
of culture work leading the bachelor 
degree, the last two to be strictly de- 
voted to engineering studies, culmina- 
ting in the degree of engineer. А 
five year course should be divided 
similarly into three and two years of 
culture and technical work respectively. 
À course similar to this 1s now in effect 
at Wisconsin. 


Mexico SECTION 

A meeting was held on April 10, 
Chairman R. F. Hayward presiding, 
with an attendance of 35, when William 
B. Hale read the paper entitled '' Light- 
ning Rods and Grounded Cables as a 
Means of Protecting Transmission Lines 
Against Lightning ”, an Institute paper 
by Norman Rowe, presented at the twen- 
ty-fourth annual convention, Niagara 
Falls, June 26, 1907. The reading of the 
paper was followed by a lively dis- 
cussion in which Messrs. Foley, Herr- 
man, Parsons, Leonarz, Cornick, Всу- 
nolds, Nims, and Hayward participated. 


A meeting was held in Sylvain's 
restaurant on May 15, Chairman К. F. 
Hayward presiding, with an attendance 
of 40, when Mr. Leonarz read a paper 
on ' Losses in Hydraulic Plant and 
Transmission System and Their Values.” 

One point on which some little dis- 
cussion arose was that of '' Distribu- 
tion ", and Mr. Leonarz was requested 
to submit a paper on “ Losses in Local 
Distribution апа Their Values ". In 
reference to efficiency of apparatus, 
lines, etc., some interesting remarks 
were called forth, and Mr. Hayward 
incidentally suggested in connection 
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with transmission lines that existing 
lined might be made to appreciate in 
value instead of standing on a depre- 
ciating basis. Also he suggested con- 
sideration of the actual value of power 
at headworks in comparison with 
estimated values. 

Mr. Lobo said it would be possible 
to cut down the depreciation figures 
shown by transferring some to opera- 
tion; that he considered the percentage 
loss on transformers should be ten in- 
stead of five: and that on the sub-station, 
five per cent. is far too low. He 
asked if the percentages given for loss 
on power house equipment, transformers, 
etc., included expenditures for repairs, 
and whether office charges had been 
calculated into these percentages. 


UNIVERSITY OF TEXAS BRANCH 

Meetings of the University of Texas 
Branch of the Institute were held on 
May 15 and 22. 

The program of the first meeting in- 
cluded a general report by the chariman 
and secretary, of a meeting of the 
Southwestern Electrical & Gas Associa- 
tion which they attended at El Paso on 
Мау 7, 8, and 9. The report included 
a review of the work of the American 
Street & Interurban Railway Associa- 
tion by B. V. Swenson, who was present 
at the El Paso meeting. A paper 
dealing with “ A Large Irrigation Sys- 
tem Near San Benito, Texas”, was 
presented by a member of the Branch, 
and called forth much interesting dis- 
cussion. A review of the '' Electrical 
Haulage of Canal Boats" and the 
" Question Box" completed the even: 
ing session. 

А special paper was presented at 
the second meeting on May 22 on the 
subject of “ Wood Preserving” in 
which the fundamental principles of 
decay of wood, and proper means for 
preventing such decay, were thoroughly 
discussed. The ditferent preparations 
in use for wood preserving were con- 
sidered, and also the results thus far 
obtained by the Santa Fe Railway in 
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its experiment in connection with the 
preserving of ties on a very large scale 
near Pelican, Texas. 

The ' Question Box ", which is in- 
tended to be a feature at every meeting, 
covered the discussion of a number of 
questions, an important one of which 
was '' Comparative first cost and opera- 
ting expense of various forms of prime 
movers, including steam, city gas, oil, 
and suction producer units." 


URBANA SECTION 

A meeting was held in the electrical 
engineering laboratory on April 29, 
]. M. Bryant presiding, with an attend- 
ance of 35. Professor E. H. Waldo 
delivered an address on forest preserva- 
tion illustrated by a series of lantern 
slides, and the subject was discussed 
by Professor Brooks, Mr. Bryant, Pro- 
fessor Hottes, and others. 


Associates Elected and 
Transferred 
At a special meeting of the Board 
of Directors at 33 West 39th Street, 
New York on Friday June 12, 1908, at 
3:30 p.m. The following 134 Asso- 
ciates were elected: 


ADAMS, JAMES LUCIAN, JR., Engineer in 
charge, Power Plant and Conduit Con- 
struction Consumers’ Electric Co.; 
res., 1334 Whittier Ave., Springfield, 
Ш. 

ALLING, ALBERT L., Draftsman, Assist- 
ant Estimator, Lord Electric Co., 213 
West 40th St., res.; 617 W. 152d St., 
New York City. 

ATWoop, CARLTON Емлот, Electrical 
Engineer, with J. K. Robinson, 
Iquique, Chile, S. A. 

BARNERT, MEYER, Steam Turbine Erec- 
tor, General Electric Co., Empire 
Bldg., Atlanta, Ga. 

BARTLETT, GEORGE WILLIAM, Superin- 
tendent, Chicago and Oak Park Ele- 
vated Railway Co., 1922 Marshall St., 
Chicago; res., Hotel Plaza, Oak Park, 
Ш. 

BENEDICT, ALLAN B., Draftsman, Good- 
man Mfg. Co., 4834 So. Halsted St.; 
res., 321 Е. 57th St., Chicago, Ш. 
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Berry, Моврну Epison, Acting Chief 
Inspector, Western Electric Co., Haw- 
thorn; res., 330 S. Central Ave., Aus- 
tin, Ш. 

Boyp, ALEXANDER H., Salesman, Fort 
Wayne Electric Works, Fort Wayne, 
Ind. 

BovLEs, ALBERT Epwin, Superinten- 
dent Maintenance, Independent Tele- 
phone Co., Seattle, Wash. 

Bracu, [вом Sr. Crair, Eastern Man- 
ager, McClintock Mfg. Co., 136 Lib- 
erty St.; res., 201 W. 12156 St., New 
York City. 

BRACKETT, ELMER EUGENE, Instructor 
Electrical Engineering, University of 
Pennsylvania; res., 6020 Delancey St., 
Philadelphia, Pa. 

BRODNER, ELMER ATHERTON, General 
Superintendent and Engineer, Grays 
Harbor Railway and Light Co., Aber- 
deen, Wash. 

BuCHECKER, ALBERT ISREAL, Student, 
University of Wisconsin; res., 703 
State St., Madison, Wis. 

CARPENTER, Dan ELLsworTH, Tech- 
nical Writer, International Textbook 
Co., East McKeesport; res., Scranton, 
Pa. 

CHASE, Harry MARSHALL, Chief Elec- 
trician, Choctaw R.R. and Light Co., 
McAlester, Okla.; res., Green Bay, 
Wis. 

CLARK, Curtis WILson, Superinten- 
dent and Electrical and Mechanical 
Engineer, Marion, Bluffton and East- - 
ern Traction Co., 510 W. Wiley Ave., 
Bluffton, Ind. 

CoAKLEY, MorGAN Trew, Engineering 
Apprentice, Westinghouse Electric 
and Mfg. Co., 831 E. Hutchinson Ave., 
Pittsburg, Pa. 

Coss, STEPHEN PRENTIS, Rochester 
Railway and Light Co., 34 Clinton 
Ave., N., Rochester, №. У. 

Сокетм, ROBERT CLEVELAND, General 
Electrical and Office Employee, Stan- 
dard Оп Co. of М. Y.; res., 278 W. 
120th St., New York City. 

CONNOLLY, STEPHEN JOSEPH, Chief En- 
gineer of Mill Department, Portland 
Gold Mining Co., 1128 Colorado Ave., 
Colorado Springs, Colo. 
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Соок, Со Brenton, Sales Engineer, 
Allis-Chalmers Co., 303 Michigan 
Bldg., Toledo, O. 


CORRELL, JAMES A., Tutor, Electrical 
Engineering, University of Texas, 
Austin, Texas. 

Cox, HERBERT HuGueEs, Operator, San 
Bernardino Gas and Electrical Co., 
San Bernardino, Cal. 


CRANSTON, JAMES ALBERT, Manager 
Portland Office, General Electric Co., 
Portland, Ore. 


CRIGHTON, WILLIAM Harvey, Chief 
Draftsman, Fort Wayne Electric 
Works, 705 W. Berry St., Fort Wayne, 
Ind. 


Cross, ALFRED SINGLEHURST, Electrical 
Engineer, Allgemeine Elek. Gesell- 
schaft, Berlin, Ger.; res., 15 Fulwood 
Park, Liverpool, Eng. 

Davis, MAYNARD REED, Erecting Engi- 
neer, Westinghouse Electric and Mfg. 
Co., 429 17th St., Denver, Colo. 


D'EsPiES, ARTHUR, Assistant to Chief 
Engineer, C. & C. Electric Co.; res., 
253 Morris Ave., Elizabeth, N. J. 

DirzLER, Guy Eton, Designing Elec- 
trical Engineer, Western Electric 
Co., Hawthorn; гез., 720 Woodbine 
Ave., Oak Park, Ill. 


Dopps, Уиалам Brack, Cadet Engi- 
neer, Denver Gas and Electric Со.; 
res., 500 14th St., Denver, Colo. 


DuBois, Epwanp, Technician and En- 
gineer, Fort Wayne Electric Works, 
1839 Broadway, Fort Wayne, Ind. 


DuNLop, Вовевт J., Technical Sales- 
man, Canadian Westinghouse Co.; 
res., 27 Montague Pl., Toronto, Ont. 


ErLspoN-DEgw, WILLIAM, Mechanical and 
Electrical Engineer, Transvaal Gold 
Mining Est. Ltd.; res., Sunnyside, 
Pilgrims Rest, Transvaal. 


FABER, PauL, Draftsman, Sanitary Dis- 
trict of Chicago, 1808 Arlington Pl, 
Chicago, Ш. 


Firer, Burt KisHLAN, General Fore- 
man, Installation Department, West- 

_ ern Electric Co.; res., 783 Clifton Park 
Ave., Chicago, Ш. 
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Fox, BERTRAM Dovucras, Electrical As- 
sistant, Sir Douglas Fox and Part- 
ners; res., 56 Moorgate St., London, 
Eng. 

FRAZIER, Paut Dovcras, Electrical 
Construction man, General Electric 
Co.; res., 1329 Oxford St., Berkeley, 
Cal. 

FRENCH, Epwin Linton, Electrical Su- 
perintendent, Union Carbide Со., 
Saulte Ste Marie, Mich. 

GILMAN, Epwanp F., Electrician, Wend 
Worsted Co., 39 Avon St., Lawrence, 
Mass. 

GoETTsCH, Jurrius, Sales Engineer, 
Western Electric Co.; гез., 328 No. 
Grove Ave., Oak Park, Ill. 

GoopiNc, RALPH OTHNIEL, Salesman, 
Western Electric Co.; res., Riverside, 
ПІ. 

Соор, LAWRENCE E., Editor in Chief 
Electric Railway Review, 160 Harri- 
son St.; гез., 5429 Jefferson Ave., 
Chicago, Ill. 

GRAEF, WALTER HERMAN, Electrical 
Engineer, with J. К. Robinson, 
Iquique, Chile, S. А. 

GRANDSTOFF, Ep GRANGER, Chief In- 
structor New York Electrical Trades 
School, 39 W. 17th St.; res., 225 W. 
133d St., New York City. 

СКЕЕМТЕАР, WitMoT Lockwoop, Su- 
perintendent, Penobscot Bay Electric 
Co., Bucksport, Me. 


GREIFF, VICTOR, Assistant Electrical En- 
gineering Department, Columbia Uni- 
versity; res., 166 W. 79th St., New 
York City. 

GROVER, EarL Warpo, District Opera- 
tor, Commonwealth Edison Co., 6945 
Stewart Ave., Chicago, Ш. 

HAMILTON, CHESTER Brown, JR., De- 
signer on Crude Oil Engines, Johnston 
Oil Engine Co., res.; 43 Madison Ave., 
Toronto, Ont. 

HAMILTON, FRANK EDVERSE, Sales Еп. 
gineer, Allis-Chalmers Со., 471 Маг- 
shall St., Milwaukee, Wis. 

HAMILTON, WILLIAM GARFIELD, Engi- 
neering Apprentice, Westinghouse 
Electric and Mfg. Co., Pittsburg; res., 
811 Franklin Ave., Wilkinsburg, Pa. 
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Harcourt, Стлутом J., Electrical En- 
gineer, New York Telephone Со. ; res., 
3 So. Elliott Pl., Brooklyn, N. Y. 

HARRADEN, WALTER Leroy, Expert, 
General Electric Со. Union Trust 
Bldg., San Francisco, Cal. 

HASKIN, LAWRENCE SPRAGUE, Erecting 
Engineer, Westinghouse Electric and 
Mfg. Co., Waterford, Conn. 

HazeLL, HENRY WILLIAM, Foreman 
Electrician, C. H. Walker and Co., 
Ltd., Carioca 711, Rio de Janeiro, 
Brazil. 

HEALY, FRANCIS JOSEPH, Public Service 
Corporation of №. J., 207 Market St.; 
res., 25 13th Ave., Newark, №. J. 

HENREKSON, JOHN WALDEMAR, Assist- 
ant Engineer in charge Drafting De- 
partment, Goodman Mfg. Co., 48th 
Place and Halsted St.; res., 5947 
Emerald Ave., Chicago, Ш. 

Новвѕ, Carn, General Electric Co.; 
res., 20 Swan St., Schenectady, М. У. 

HorLrisTER, JOHN Murray, Western 
Electric Co., Hawthorn; res., 4133 
Perry Ave., Chicago, Ш. 

HUNGERFORD, OLIVER TOWNSEND, Gen- 
eral Manager, Dielectric Co. of Amer- 
ica, Belleville, N. J. 

HvNTER, JAMES CADWALLADER, Capt. 
Р. W. Dept., Resident Engineer, 
Jhelum Power Installation; Rampur- 
Kashmir, India. 


Hurst, СкоксЕ Epwarp, Draughts- 
man, Pennsylvania Railroad Co., Al- 
toona, Pa. 


Kemp, Francis Leroy, Assistant Fore- 
man Testing Department, General 

. Electric Co.; res., 18 Eagle St., Schen- 
ectady, N. Y. 

Kenney, FRANCIS MacCurLoucHu, Gen- 
eral Foreman, Switchboard Instruc- 
tion Department, Western Electric 
Co.; res., 309 Oakland Ave., Pitts- 
burg, Pa. 

КЕРНАЕТ, EpwiN Murray, Electrical 
Engineer, Stone and Webster, 147 
Milk St., Boston, Mass.; res., 21 Eagle 
St., Schenectady, N. Y. 

KiNc, LLovp EVERETTE, Engineer on 
Power Apparatus, Western Electric 
Co., Chicago; res., Berwyn, Ill. 
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KiNGsBURY, ALBERT, Westinghouse 
Electric and Mfg. Co.; res., 219 Strat- 
ford Ave., Pittsburg, Pa. 

Ков, FREDERICK VALENTINE, Chief 
Electrical Draftsman, Fore River 
Shipbuilding Co., Quincy; гез., 24 
Clive St., Atlantic, Mass. 

Lewis, HowaARD ORMSBEE, Graduate 
Student, Worcester Polytechnic In- 
stitute; res., 2 State St., Worcester, 
Mass. 

Lozig&a, CHESTER ALBERT, Draftsman, 
Public Service Corporation of №. J.; 
res., 23 Cottage St., Newark, N. J. 

Lucas, ALBERT GARFIELD, Meter Ex- 
pert, Fort Wayne Electric Works; 
res., 706 W. Berry St., Fort Wayne, 
Ind. 

Lunn, Guy W., Chief Electrician, Fisk 
St. Station, Commonwealth Edison 
Co., 22d and Fisk Sts.; res., 1710 W. 
15th St., Chicago, Ш. 

Mack, Frank WESLEY, Manager, Storm 
Lake Electric Light and Power Co., 
Storm Lake, Iowa. 

Marca-ROMERO, MANUEL A., Electrical 
Engineer, Las Empresas Electricas 
Associadas, Lima, Peru. 

Wilkes- 

Railway Co., 


MARKLE, ALVAN, President, 
Barre and Hazelton 
Hazelton, Pa. 

McCann, У’иалам Ray, Mechanical 
Draftsman, Isthmian Canal Commis- 
sion, Culebra, Canal Zone, Panama. 

MELLINGER, EDWARD A., Assistant En- 
gineer, Automatic Electric Co., Chi- 
cago, Ш. 

MIGNEAULT, Harry М., Supply Sales- 
man, General Electric Co., Cincinnati, 
O.; res., No. Milwaukee, Wis. 

Mini, ]озЕРН, JR., Electrical Construc- 
tion Foreman, Cal. Gas and Electric 
Corporation, Los Gatos; res., Deer 
Creek, P. H. Nevada City, Cal. 


MITCHELL, WILLIAM GALBRAITHE, Brit- 
ish Thomson Houston Co., Ltd.; res., 
Kilmeny Dundruch Road, Rugby, 
Eng. 

MoNGcEs, RICHARD FENNER, Assistant 
Electrical Engincer, General Electric 
Co., San Francisco, Cal. 
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MoNTAGUE, Huspert Howanp, General 
Salesman, Western Electric Co., Chi- 


cago; гез., 328 №. Grove Ave., Oak | 


Park, 11. 

Moore, Joun Erv, Engineer, Arnold 
Co., 181 La Salle St.; res., 3298 Bea- 
con St., Chicago, Ill. 

МООКЕ, ORLO SAFFORD, Designing Elec- 
trical Engineer, Western Electric Co., 
Chicago; res., 5912 Randolph St., Aus- 
tin, Ill. 

Morris, RoBERT, Inspector, М. Y. C. & 
H. R. R.R. Co., Room 2, Grand Cen- 
tral Station, New York; res., 276 
Riverside Ave., Yonkers, М. Y. 

MorTINGER, Byron Tuomas, Electrical 
Engineer, Peerless Electric Co., 309 
Porter Ave., Warren, O. 

Mower, GEORGE L., Assistant Engineer 
Transformer Department, General 
Electric Co.; res., 70 Maplewood Ave., 
Pittsfield, Mass. 

MupcETT, ORLO Duprey, Erecting En- 
gineer, Westinghouse Electric and 
Mfg. Co., 716 Board of Trade Bldg.; 
res., 26 Union Park, Boston, Mass. 

NELSON, FRED LEONARD, Assistant 
Electrical Engineer, Pacific Light and 
Power Co., 254 So. Los Angeles St, 
Los Angeles; res., 221 So. Marengo 
Ave., Pasadena, Cal. 

NICKERSON, CHARLES WILLIS, JR., In- 
spector of Construction, Westchester 
Lighting Co., Mt. Vernon; res., New 
Rochelle, М. Y. 

Noyes, RoBERT Ербак, Instructor in 
Electrical Engineering, Case School 
of Applied Science, Cleveland, О. 

PEARSON, Jon WINTHROP, Foreman 
Testing Department, Western Elec- 
tric Co., Chicago; res., 1298 Wilcox 
Ave., Chicago, Ш. 

PEiRCE, ROBERT FRENCH, Manager, 
Menevallal Co., 839 Monadnock Bldg. 
res., 1206 Ainslee St., Chicago, Ill. 

PENARD, Tuomas Epwarp, Electrical 
Engineer, Edison Electric Illumina- 
ting Co. of Boston, 39 Boylston St., 
Boston; 32 Irving St., Everett, Mass. 

Price, EDWIN DELAPLAINE, Assistant 
Department Manager, Western Elec- 
tric Co., Chicago; res., 616 So. 15th 
Ave., Maywood, Ill. 
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RaBELLOo, Cesar, Guinle and Co., Rio 
de Janciro, Brazil. 


REDPATH, RoBERT МСАрАМ, Construc- 
tion Engineer, Salmon River Power 
Co., Sawyer Bar, Cal. 

RIBEIRO, Mario, Guinle and Co., Rio 
de Janeiro, Brazil. 

Rice, Don Martin, Mechanical Engi- 
neer, Lehigh Coal and Navigation 
Co., Mauch Chunk, Pa. 

Rice, Lovis ALBERT, Designing Engi- 
neer, Niagara Falls Hydraulic Power 
and Mfg. Co.; res., 460 8th St., Niag- 
ara Falls, №. У. 

Клсн, Epwarpb Prickett, Mechanical 
and Electrical Engineer and Member 
of Co., Pierce Richardson and Neiler, 
1409 Manhattan Bldg; res., 3254 So. 
Park Ave., Chicago, Ill. 


RouNps, Joun E., Engineering Ap- 
prentice, Denver Sales ОШсе, West- 
inghouse Electric and Mfg. Co; res. 
3018 East Colfax St., Denver, Colo. 


Rowney, Упллам H., Engineer in 
Switchboard Department, Western 
Electric Co.; res., 302 So. Eighth 
Ave., La Grange, Ш. 

Rusu, CHARLES GOETHE, Engineer in 
charge of Construction, Sanitary Dis- 
trict of Chicago; res., 5404 Indiana 
Ave., Chiacgo, Ш. 

SCHMIDT, FREDERICK EDGAR, Instruc- 
tor Electrical Engineering, Mechanics 
Institute, 140 W. 23d St., New York; 
res., 31 М. Bleeker St., Mt. Vernon, 
М.Ү. | 


SCHROEDER, Hrnry, Salesman, General 
Electric Со. Harrison, №. J.; res., 
155 Маре Ave., Flushing, L. I., N. Y. 


SHULZ, WiLLiAM, Sales Department, 
Bristol Co., Waterbury; res., Nagua- 
tuck, Conn. 


Ѕснорр, PETER V., Assistant in Elec- 
trical Engineering, Mississippi Agri- 
cultural and Mechanical College, Agri- 
cultural College, Miss. 

SERRELL, ALFRED THOMAS, Foreman 
Bond Inspector Test, Department, 
М. У. C. & H. R. К.К.; res., 317 
Riverside Ave., Yonkers, №. Y. 
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SHERMAN, GEORGE А., General Stock 
Clerk, Western Electric Co., 642 
Folsom St.; San Francisco; res., 1533 
Walnut St., Berkeley, Cal. 


SIMMON, KARL Атвект, Engineer, West- 
inghouse Electric and Mfg. Co., Pitts- 
burg; res., 401 Colonial Bldg., Wil- 
kinsburg, Pa. 


Sims, GEgoncE FREDERICK WILLIAM, 
Tester Dynamo Test., Westinghouse 
Electric and Mfg. Co., Pittsburg; 
res., 2 Colonial Bldg., Wilkinsburg, Pa. 

SMITH, EDWARD WILLIAM PETER, Stu- 
dent, Colorado College; res., 930 N. 
Weber St., Colorado Springs, Colo. 


SMITH, JULIAN Cassius, Engineer in 
charge, Panama Railway Co., La 
Boca, Canal Zone, Panama. 


SMITH, PETER J., Commonwealth Ed- 
ison Co., 76 Market St.; res., 45 Sem- 
inary Ave., Chicago, Ш. 

SOUTHERLAND, FREDERICK JEWELL, 
General Superintendent, Monterey 
County Gas and Electric Co., Mon- 
terey, Cal. 

STIVERS, Јонх O., President and Gen- 
eral Manager, J. O. Stivers Electric 
Co., Denver, Colo. 

STOUFFER, CHRISTIAN 5. Accounting 
Department, Westinghouse Electric 
and Mfg. Co., Pittsburg; res., 121 
Edgewood Ave., Edgewood Park, Ра. 

TILLMAN, RicHaARD HENRY, Member 
Engineering Staff, Rochester Railway 
and Light Co., 34 Clinton Ave. N.; 
res., 56 Charlotte St., Rochester, №. У. 

TOUNSEND, GEORGE P., Salesman, Gen- 
eral Electric Co., Chicago, Ш. 

TROBEE, Harry C., General Electric 
Co.; res., 574 3d St., San Francisco, 
Cal. 

WALDEN, ALBERT Ермакр, Chief En- 
gineer, Baltimore County Water and 
Electric Co., Baltimore, Md. 


WEIL, EpGAR EpwarpD, Partner, Enter- 
prise Electrical Co.; res., 413 Baronne 
St., New Orleans, La. 


Wiss, TonBias, Salesman, National 
Automatic Fire Alarm Co. of La.; res.. 
614 Graner St., New Orleans, La. 


WEYMANN, CHARLES MARTIN, Foreman, 
S. F. Repair Shop, General Electric 
Co.; res., 124 Fillmore St., San Fran- 
cisco, Cal. 

WHALEN, JAMES M., Manager of Ma- 
chinery Department, Northwestern 
Electric Equipment Со.; res., 185 E. 
4th St., St. Paul, Minn. 

WIER, JOEL ALEXANDER, Engineer and 
Electrician, Saltillito Mining and Mill- 
ing Co., El Salado, S. L. P., Mex. 

WILBURN, BERTRAM VicToR, Engineer- 
ing Sales, Western Electric Co., Chi- 
cago; res., 817 S. ПАБ Ave., May- 
wood, Ш. 

WILLHARDT, ALBERT, Electrician, To- 
ledo Metal Wheel Co.; res., 1382 W. 
Woodruff Ave., Toledo, O. 

WILLIAMS, LYNN ALFRED, Patent At- 
torney, Brown and Williams, 1550 
Monadnock Bldg., Chicago; res., 614 
Clark St., Evanston, Ш. 

Winsor, Paur, Chief Engineer, Motive 
Power and Rolling Stock, Boston Ele- 
vated Railway Co., 101 Milk St., Bos- 
ton, Mass. 

WISHMEYER, CARL, Electrician, Louis- 
ville Water Co.; res., 1529 Cherokee 
Road, Loutsville, Ky. 

Yamamoto, ТАрАОКІ, Electrical Engi- 
neer, Shibaura Engineering Works, 
Tokyo, Japan. 

YERXA, RUSSELL ARMSTRONG, Wiring 
and Switchboard Foreman, Stone and 
Webster Engineering Corporation, 
Boston, Mass.; res, 1329 Fremont 
Ave. N., Minneapolis, Minn. 


At the same meeting the following 
Associates were transferred to the grade 
of Member: 


EpWARD NELSON LAKE, Electrical En- 
gineer, 181 La Salle St., Chicago, Ш. 

BENJAMIN FRANKLIN SIMMONS, Super- 
intendent Holyoke Water Power, 
Holyoke, Mass. 

ARTHUR CuRTIS Scott, Professor of 
Electrical Engineering, University of 
Texas, Austin, Texas. 

CHARLES SHUMWAY RUFFNER, Assistant 
General Superintendent, Utah De- 
partment, Telluride Power Company, 
Provo, Utah. 
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JULIAN CLEVELAND SuirH, General Su- 
perintendent, Shawinigan Water and 
Power Company, Montreal, P. Q. 

GEORGE MACKENZIE BRILL, Consulting 
Engineer, 1154-5 Marquette Bldg., 
Chicago, Ill. 


JosePH Bijum, President and General 
Manager, General Storage Battery 
Co., 42 Broadway, New York City. 


OLIVER SMITH Lyronp, JR., Consulting 
Electrical Engineer, Westinghouse 
Church, Kerr & Со. 8 Bridge St., 
New York City. 

GEORGE Ware PALMER, JR., Electrical 
Engineer, Boston & Northern St. Ry. 
Co., 84 State St., Boston, Mass. 


GeorGE W. Watts, Works Manager for 
Canadian General Electric Co., 18 
King St. East, Toronto, Canada. 


CHARLES EpwaARD WADDELL, Electrical 
Engineer, Biltmore Estate; Chief En- 
gineer, Weaver Power Co.; Consulting 
Engineer, Biltmore, №. C... 

GEoRGE Gray Warp, Vice-president 
and General Manager Commercial 
Cable Co., 253 Broadway, New York 
City. 

Newitt Jackson NEALL, Partner, 
Thomas & Neall, Electrical Engineers, 
12 Pearl St., Boston, Mass. 


Applications for Election 


Applications have been received by 
the secretary from the following can- 
didates for election to the Institute as 
Associates; these applications will be 
considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting 
to the election of any of these can- 
didates should so inform the secretary 
before July 24, 1908. 

7671 
7672 


Koganey, H., Tokyo, Japan. 
Lloyd, S. C., Wilmington, Del. 
7673 Bartlett, F.S., Schenectady, М. У. 
7674 Baum, Harry, New York City. 
7675 Cooley, G. R., Seattle, Wash. 
7676 Bridges, J. E., Alameda, Cal. 
7677 Cook, E. W., Jamaica Plain, Mass. 
7678 Furness, D. L., Salem, Mass. 
7679 Heidenreich, A. H., Cincinnati, O. 
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7680 Wieland, A. E., Wenatchee, Wash. 
7681 Wood, F. P., Deadwood, S. D. 
7682 Bard, J. W., Peoria, Ш. | 


7683 Deal, K. E., Schenectady, N. Y. 
7684 Kato, Shizuo, Kobe, Japan. 
7685 Bernstein, Fritz, Grand Is. Neb. 
7686 Keifer, H. N., Chicago, Ш. 

7687 Stambaugh, R. W., Youngstown,O. 
7688 Eaton, E. C., Montreal, Que. 
7689 Hecksher, Otto, Mexico City, Mex. 
7690 Barnes, D. C., Cambridge, Mass. 
7691 Hines, С. E., Kansas City, Mo. 
7692 Pope, C. C., Beverly, Mass. 
7693 Pircher, Frank, New York City. 
7694 Sauerhering, К. P., Stillwater, Ok. 
7605 Liggett, W. E., Hamburg, Tenn. 
7696 Hepburn, F. T., Lima, Ohio. 
7097 Swanton, J. A., East Lake, Ala. 
7698 Turner, К. A., Springfield, Mass. 
7699 Wilson, С. J., Piedmont, Cal. 


Total 29 


Notes on the Electrical Engi- 
neering Department Massa- 
chusetts Institute of 
Technology 
Thirty-eight students, ten of whom 
were already graduates of liberal arts 
courses, and three graduates of the 
mechanical engineering course of the 
Institute, wee recently granted the 
degree of bachelor of science in the 

electrical engineering course. 

Graduate fellowships for electrical 
engineering study during the next 
year have been granted to Walter S. 
Rodman now instructor in electrical 
engineering at the Rhode Island Agri- 
cultural College, and H. S. Osborne who 
graduates from the electrical engineer- 
ing course of the Institute this year. 
Mr. Osborne has been elected Saltonstall 
Fellow in recognition of his unusual 
attainments as an undergraduate stu- 
dent. 

Professor Laws and Professor Shaad 
of the electrical engineering depart- 
ment each spent several days during 
the spring intermission studying the 
methods of instruction in electrical 
engineering and related subjects at 
Cornell University. 
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Personal 


Mr. Е. Р. FisH has resigned as a 
director of the General Electric Com- 
pany, in order to devote all of his 
time to the practice of law. 


Mr. W. С. L. EcriN was elected 
president of the National Electric 
Light Association at the convention 
held in Chicago, on May 19-22, 1908. 


Proressor А. H. Forp, University 
of Iowa, married, on June 18, 1908, 
Miss Sadie Murray Hess, daughter of 
Mrs. Ellen Murray Hess of Iowa City 
Iowa. 


Mr. W. Monte ius Price consulting 
engineer, who has been located т 
Philadelphia temporarily, has returned 
to Seattle, and is doing business at his 
old location, New York Block. 


Mr. II. B. KtrKLAND has formed the 
H. B. Kirkland Company, which will 
hereafter act as selling agent for the 
National Metal Molding Company with 
headquarters in the Postal Telegraph 
Building, New York. 


Mr. W. C. Yates, commercial engi- 
neer of rheostats and controlling de- 
vices for the General Electric Company 
has moved from Schenectady to New 
York, and is now located with the com- 
pany at No. 30 Church Street. 


Mr. ALFRED E. SEELIG, since last 
December һаз had charge of the elec- 
tric meter testing which Columbia 
University is doing for the Depart- 
ment of Water Supply, Gas and Elec- 
tricity, under Professor George F. Sever. 


Mr. Овмлм В. Humpnrey, electrical 
engineer, has removed his offices in 
Bangor, Me., from No. 202 Exchange 
Strect, to No. 964, same street, where 
he will continue to give his attention 
to hydroelectric development and gen- 
eral engineering. 
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Mr. К. Н. Marriott has been trans- 
ferred from the position of electrical 
engineer of the Western division of the 
United Wireless Telegraph Company 
at Seattle, to assistant scientific mana- 
ger of the same company with head- 
quarters in New York. 


Mr. ARTHUR M. Waitt, consulting 
engineer has removed his office from 
No. 320 Fifth Avenue to the new City 
Investing Building No. 165 Broadway, 
where he has taken a suite of offices, 
Rooms 1417 and 1418, jointly with 
Frank J. Sprague, consulting engineer. 


MR. SEPTIMUS WirsoN who has been 
connected with the erecting depart- 
ment of the Baltimore осе of the 
Westinghouse Electric and Manufactur- 
ing Company for the last two years 
has been transferred to the same de- 
partment of the San Francisco office 
of the company. 


Mn. I. Е. McDowNNzErrL, formerly 
sales manager for the Southern States 
Electric Co., Atlanta, Ga., has accepted 
a position with the Western Electric 
Co., and will represent them in Birming- 
ham and the Birmingham district. He 
has opened an office at No. 322 Wood- 
ward Building. 


MR. James C. Dow, has been en- 
gaged by R. E. Brown to make a series 
of commercial efficiency tests on the 
electrical generating plant of the Man- 
kato Car and Electric Light Company 
of Mankato, Minn., with a view to 
determining the best all-round operating 
conditions. He will be there several 
months. 


MR. J. M. Boorse, formerly with the 
Omaha Electric Light and Power Com- 
pany, at Omaha, Neb., as engineer in 
charge of power plant and sub-station 
construction, has resigned that position 
and has accepted one as president and 
general manager of the Eastern Mon- 
tana Construction Company of Miles 
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City, Mont., a general engineering and 
contracting company. 


Mr. С. Е. Cue tis, of J. С. White & 
Company who for the past year has 
been located at Mechanicsville, N. Y. 
engaged in the installation of electrical 
apparatus in the new steam turbine 
generating station of the Delaware 
and Hudson Railroad Company, has 
been transferred to Hatfield, Wis., in 
connection with similar work for the 
La Crosse Water Power Company. 


Mr. Leo Оотклвт, formerly tele- 
phone engineer with the Western Elec- 
truc Со. at Chicago, has entered the 
engineering and contracting business 
in that city with offices at 331 Monad- 
nock Block, Mr. Dolkart is western 
agent of the Connecticut Telephone 
and Electric Co. of Meriden, Conn., 
and will make а specialty of inter- 
communicating telephone installations, 
country exchanges, and farmers’ lines. 


Mr. B. E. Sunny, who recently re- 
signed as vice-president and Western 
manager of the General Electric Com- 
pany was elected president of the 
Chicago Telephone Company on May 
13, succeeding Mr. Arthur D. Wheeler, 
who becomes a chairman of the board 
of directors. Mr. Sunny is also vice- 
president of the American Telephone 
and Telegraph Company, and a di- 
rector of the General Electric Company. 


MR. Е. TiscHENDORFER, consulting 
electrical engineer has removed his 
office from Berlin to Charlottenburg, 
Germany, and is now located at No. 
167 Berliner street, that city. He is 
consulting engineer for numerous mu- 
nicipal and private concerns, an expert 
in patent laws, and sworn expert for 
electrical engineering at the Berlin 
courts. He also renders valuable ser- 
vice to American engineering com- 
panies and inventors, by finding for 
them suitable agents and connections 
on the continent. 
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Mr. RoBERT DaHLANDER has re- 
signed the position of chief engineer 
for the Swedish State Railways and is 
now president of the Municipal Gas & 
Electric Corporation of Stockholm. 
In 1903 he was employed by the board 
of directors of the Swedish State Rail- 
ways as expert to supervise the tests 
to determine the expediency of adapt- 
ing electric motive power for propelling 
the trains and also the relative merits 
of apparatus then available. This 
work is now completed, and his report 
has been submitted to the government. 
It will be translated into English and 
German later. 


Mr. Н. H. Арлмѕ has resigned as 
superintendent of motive power of the 
United Railways and Electric Com- 
pany of Baltimore to become superin- 
tendent of rolling stock and shops of 
the New York City Railway Company. 
He had been connected with the Balti- 
more Company since 1902, and prior 
to that time was master mechanic of 
the North Jersey Street Railway Com- 
pany. As superintendent of rolling 
stock and the shops of the New York 
corporation, Mr. Adams will be in direct 
charge of the entire rolling equipment 
and shops of the company which will 
operate all the surface lines in the 
boroughs of Manhattan and Bronx. 


Ё Obituary 


Henry CuHasE Buck, who was 
elected an Associate December 26, 
1906, died of heart failure on Febru- 
ary 20, 1908, at the American School 
of Correspondence in Chicago. He 
was born in Stratford, Vermont, March 
27, 1851, and graduated from Tufts 
College in 1875, receiving the degree of 
А. В. The following year he received 
the degree of A.M. For several years he 
was associated with the Dolbear Tele- 
phone Company. He organized and built 
several gas and electric light plants, 
and for three years was the New 
England agent of the Wagner Electric 
Manufacturing Company of St. Louis. 
During the last three years he had 
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been an instructor in the electrical 
engineering department of the Ameri- 
can School of Correspondence, at Chi- 
cago. 


WILLIAM ARNOLD ANTHONY, pro- 
fessor emeritus of physics and elec- 
trical engineering in Cooper Institute, 
New York, died at his home in New 
York, Friday May 29, 1908 of heart 
disease at the age of 73 years. He 
was one of the oldest members of the 
Institute, having been elected Septem- 
ber 25, 1884, when he was professor of 
physics at Cornell University. In 1886, 
he was elected a vice-president of the 
Institute; he was elected president 
in 1890. Professor Anthony was born 
in Coventry, К. I., November 17, 1835, 
and was graduated. at the Sheffield 
Scientific School, Yale University, in 
1857. He was professor of physics at 
the Iowa Agricultural College from 1869 
to 1872, thence going to Cornell Uni- 
versity, where he remained until 1887. 
He then entered business as a consulting 
electrician. In 1595 he became pro- 
fessor of physics and electrical engineer- 
ing at Cooper Union and in February, 
1908, was retired as professor emeritus. 
He was a member of the Franklin In- 
stitute of Philadelphia, the American 
Social Science Association, the Brook- 
lyn Institute of Arts and Sciences, and 
the New York Botanical Society. 
Professor Cyrus Brackett of Princeton 
University, ће wrote Anthony and 
Brackett's " Manual of Physics." Of 
a quiet and unassuming disposition, he 


nevertheless received full recognition 


for his work, from an appreciative 
class of co-workers in the electrical 
field. He leaves one son, Charles C. 


Anthony, assistant to the chief of the 
signal service of the Pennsylvania 
Railroad. 


Mr. Francis HvGHEs Мевв, from 
1878 to 1898 secretary of the Institu- 
tion of Electrical Engineers of Great 
Britain, died in London, England, on 
Sunday, May 17, 1908 of Bright's 
disease from which he had long been a 


With 
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sufferer. The immediate cause of his 
death was heart failure. Mr. Webb 


was 81 years old. 


Association of Iron and Steel 
Electrical Engineers 

The first annual convention of this 
association will be held in Philadelphia, 
Pa., on June 24-25, 1908. The office 
of the secretary, G.H. Winslow, is at 
559 Frick Building, Annex, Pittsburgh, 
Pa. Committees on finance, papers, 
library, board of examination, editing, 
and standardization have recently been 
appointed by the offices. 


Accessions to the Library 


The following accessions have been 
made to the Library of the Institute 
since the last acknowledgments : 


PURCHASES 

Boston TRANSIT COMMISSION. Bos- 
ton Transit Commission, Annual Re- 
ports. 1-4, 6-7, 9-10. 

Central & South American Cable 
Expedition, Atlantic Side, 1881-1882. 

Central & South American Cable 
Expedition, Pacific Side, 1881-1882. 

Davis, DaNiEL. Manual of Magnet- 


ism. 1847. 
Dovcras, J. C. Telegraph Construc- 
поп. Ed. 2. 1877. 


Dv МОХСЕТ, THEODORE СОМТЕ. Tel- 
egraphie electrique. 1564. 

FARADAY, MicHAEL. Chemical Man- 
ipulation. 1531. 

FARADAY, MICHAEL. 
Researches in Chemistry. 

FARRAR, JOHN. 
tricity. 1842. 

FERGUSON, К. M. 

HovzEAv, Louis. 
1864. 

HUGHES PRINTING INSTRUMENT. n.d. 

BELLET, ANTONIN. Instruction sur 
Vappareil Hughes. 1872. 

NICHOLSON, WM. Smoke Abatement. 
1905. 


Experimental 
1859. 
Elements of Elec- 


Electricity. 1566. 
L'appareil Morse. 


RUTHERFORD, E. Radioactivity. 
1904. | 

THOMSON, Tuomas. Heat and Elec- 
tricity. 1830. 
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VARLEY, С. Е. Report on the Western 
Union Telegraph Co. Lines. 1867. (MS.) 
Report on the Western Union 


Telegraph Co. Lines. 1867. (Facsimile 
of MS.). 

ELEKTROCHEMISCHE ZEITSCHRIFT. 
Vol. 9. 1902-1903. 

STREET RAILWAY GAZETTE. Vol. 7. 
1892. 

ZEITSCHRIFT DES ELEKTROTECH- 


NISCHEN VEREIN. Vol. 1-4. 1583-86. 


GIFTS 


Allgemeine Elektricitats Gesellschaft: 

Allgemeine Elektricitats Gesell- 
schaft. 1883-1908. [Souvenir.] 

American Street and Interurban Railway 
Association: 

American Street Railway Associa- 
tion. Proceedings of Conventions 3-24. 
1884-1906. 

American Street and Interurban 
Railway Association. Proceedings of 
25th meeting. 1906. 

Bureau of Railway News: 

THOMPSON, SLASON. Cost, capital- 
ization, and estimated value of Amer- 
ican Railways. 1908. 


Caldwell, Edward: 

New York State Railroad Commis- 
sion. «Annual reports, 1-22. 1855- 
1856. 1886-1904. 

McGraw Publishing Co.: 

New York Railroad Commission. 
Annual reports, 23-24. 1905-1906. 

McGraw Electrical Directory. 1908 

State of New York. Report of 
Commission on Gas and Electricity. 
1906. 

Martin, T. C.: 

London. А weekly newspaper. 
Vol. 1-6. 1893-1897. 

New York State Water Supply Commis- 
sion: 

New York State Water Supply 


Commission. Third annual report. 
1908. 

New York State Commission of Gas and 
Electricity: 


New York State Commission of 
Gas and Electricity. Second annual 
report. 1907. 
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Rosenthall, L. W.: 
Mannheim and Multiplex Slide 
Rules. Ed. 2. 1908. 


Books Received 


The following volumes have been re- 
ceived and placed in the Library of the 
Institute: 

THe THEORY, DESIGN AND CONSTRUC- 
TION OF INDUCTION Corts. By H. 
Armagnat. Translated and edited 
by Otis Allen Кепуоп. New York: 
McGraw | Publishing Company. 
1908. Price, $2.00 net. 

У Contents.—Chapter I.-—Introduction. II.— 

History. IlI.—Theory of Mechanical Interrup- 

ters. IV.-—Theory of Electrolytic Interrupters. 

V.—The Secondary Current. VI. Power and 

Efficiency. Vil.—Construection of Induction 

Coils. Vill.—Interrupters. IX.-—Speeial Ap- 

paratus. X.—Uses of Induction Coils. XI.— 

Bibliography. Index. 


THE PRODUCTION OF CHROMIUM AND 
Its COMPOUNDS BY THE AID OF THE 
ELECTRIC Current. By Dr. Max 
Le Blanc. Authorized English 
translation by Joseph W. Richards, 
M.A., A.C., Ph.D. 122 paves. 
Easton, Pa.: The Chemical Publish- 
ing Company. 1904. Price, $1.25. 

ConTents.—Chapter I.- —Obtaining of Metalhe 

Chromium.  II.— The Obtaining of Compounds 

of Chromium with Metals. f[II.—Obtaining of the 

Compounds of Chromium With the Non- Metals. 

Appendix. 

THE MANUFACTURE ОР ELECTRIC LIGHT 
CarBons. By О. С. Pritchard. 40 
pages. Illustrated. London: “Тһе 
Electrician " Printing and Publish- 
ing Company, Ltd. Price, 1s. 6d. 
net. 

CoNTENTSs.—Introduction. Preparation. of 

Material. Drying-Rooms, Firing and Carbons. 

Saturating. Coring. Description of Plant Re- 


quired. Cost of Plant. Cost of Materials. Cost 
of Labor, Estimated Profit, 


THe PracticaL TESTING OF DYNAMOS 
AND Motors. By Charles F. Smith, 


A.M.IC.E., А.М.Т.Е.Е. Second 
and enlarged edition. Illustrated. 
300 pages. Price 5s net. Manches- 


ter: The Scientific Publishing Com- 
pany. 
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Ofticers and Board of Standing Committees. 
Directors, 1907-1908. EXECUTIVE COMMITTEE. 
PRESIDENT. Н. С. STOTT, Chairman. 

HENRY GORDON STOTT, New York, М. Y. 600 W. 59th Street, New York. 


C. C. CHESNEY, Pittsfield, Mass. 


JUNIOR PAST-PRESIDENTS. C. L. EDGAR. Boston. Mass. 


SCHUYLER S. WHEELER, Ampere, N. J. 
SAMUEL SHELDON. Brooklyn, N. Y. SE ОНЕ Nea аа 
VICE-PRESIDE NTS. CALVERT TOWNLEY, New Haven. Conn. 
Н. Н. HUMPHREY, St. Louis, Mo. JOHN ]. САКТУ. New York. 
А. Н. ARMSTRONG, Schenectady, М. Y. 
FRANK G. BAUM, San Francisco, Cal. FINANCE COMMITTEE 
JAMES G. WHITE. New York, N. Y. CALVERT TOWNLEY, Chairman. 
W. C. L. EGLIN, Philadelphia, Pa. Consolidated Railway Co., New Haven, Ct 
L. A. FERGUSON, Chicago, Ill. H. W. BUCK, New York. 
MANAGERS. BANCROFT GHERARDI, New York. 
CUMMINGS C. CHESNEY, Pittsfield, Mass. 
BANCROFT GHERARDI, New York, N. Y. 
CHARLES L, EDGAR, Boston, Mass. LIBRARY COMMITTEE. 
CALVERT TOWNLEY, New Haven, Conn. EDW. CALDWELL, Chairman. 
239 West 39th Street, New York. 

ene и York, М. Y. MORGAN BROOKS, Urbana, Ill. 

[ME ‚ Atlanta, Ga. MAX LOEWENTHAL, New York. 
PAUL M. LINCOLN, Pittsburg. Pa. F A SCHEFFLER New York 
PAUL SPENCER, Philadelphia, Pa. PHILIP TORCHIO ' New York у 


MORGAN BROOKS. Urbana, Ill. 
HAROLD W. BUCK, New York, N. Y. 


PERCY Н. THOMAS, Montclair. М. J. MEETINGS AND PAPERS COMMITTEE. 
BENJAMIN G. LAMME, Pittsburg, Pa. PERCY H. THOMAS, Chairman. 
2 Rector St., New York 
TREASURER. „ . 
GEORGE А. HAMILTON, New York, N. У. А. Н. ARMSTRONG. р» 
. , 1 5 r • а. 
SECRETARY. RALPH D. MERSHON, New York. 
RALPH W. POPE, New York, М. Y. H. H. NORRIS, Ithaca, N. Y. 
PAST-PRESIDENTS, STANDARDS COMMITTEE. 
Е РЕ. SAMUEL SHELDON, Chairman. 
. , -T. Polytechnic Institute, Brooklyn, N. Y 
BDWARD о 1888-9. А. Е. KENNELLY, Cambridge, Mass. 
ELIHU THO! en 1889-90. D. C. JACKSON, Boston, Mass. 
W. A. ANTHONY, 1890-91. CHAS. Е. SCOTT, Pittsburg, Pa. 
ALEX. GRAHAM BELL, 1891-2. Sao E 
FRANK J. SPRAGUE, 1892-3. С. Р. STEINMETZ, Schenectady, М. У 
EDWIN J. HOUSTON, 1893-4-5. L B.STILLWELL, New York. | 
LOUIS DUNCAN, 1895-6-7. S. W. STRATTON, Washington, D. C. 


PRANCIS B. CROCKER, 1897-8. 
А. B. KENNELLY, 1898-1900. 
Е И йш EDITING COMMITTEE. 
' Б GEORGE Р. SEVER, Chairman 
HARLES Р. SCOTT, 1902-3. 
са со 023 Columbia, University, New York. 


ЈА р, | 
BION J. ARNOLD, 1903-4 У. H. BROWNE, Jr., New York. 


JOHN W. LIEB, JR., 1904-5. 
SCHUYLER S. WHEELER, 1905-6. не dew SOC 


SAMUEL SHELDON, 1906-7. 
BOARD OF EXAMINERS. 


ASSISTANT SECRETARY. HAROLD W. BUCK. Chairman. 
FREDERICK L. HUTCHINSON, 49 Wall Street New Your 
33 West 39th Street, New York City, N.Y. Н. Н. BARNES, Jr., New York. 
GENERAL COUNSEL, MAURICE COSTER, New York. 
PARKER and AARON, W. С. L. EGLIN, Philadelphia, Pa, 


52 Broadway, New York, N. Y GEORGE F. SEVER, New York, 
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SECTIONS COMMITTEE. 
PAUL SPENCER, Chairman. 
Broad and Arch Streets, Philadelphia, Ра. 
WILLIAM ESTY, Bethlehem, Ра. 
H. H. NORRIS, Ithaca, N. Y. 
D. B. RUSHMORE, Schenectady, N. Y. 
P. B. WOODWORTH, Chicago, Ill. 


CODE COMMITTEE. 
Р. А. C. PERRINE, Chairman. 
60 Wall Street, New York. 
J. C. FORSYTH, New York. 
A. M. SCHOEN, Atlanta, Ga. 
СВОКСЕ Р. SEVER, New York. 
H. A. SINCLAIR, New York. 
H. S. WARREN, New York. 
ARTHUR WILLIAMS, New York. 


LAW COMMITTEE. 
C. О. MAILLOUX, Chairman. 
76 William Street, New York. 
A. H. ARMSTRONG, Schenectady, N. Y. 
H. A. LARDNER, New York. 
E. A. SPERRY, Brooklyn, М. Y. 
C. A. TERRY, New York. 


Special Committees. 


BUILDING FUND COMMITTEE. 
T. C. MARTIN, Chairman. 
239 W. 39th Street, New York. 

]. C. BARCLAY, New York. 

J. J. CARTY, New York. 

C. L. EDGAR, Boston, Mass. 

Р. W. JONES, New York. 

J. W. LIEB, Jr., New York. 

F. J. SPRAGUE. New York. 

J. G. WHITE, New York 


COMMITTEE ON INCREASE OF MEMBERSHIP, 

D. B. RUSHMORE, Chairman. 
Schenectady, N. Y. 

A. W. BERRESFORD, Milwaukee. 

S. S. DICKENSON, New York. 

GANO DUNN, Ampere, N. J. 

BANCROFT GHERARDI, New York. 

F. L. HUTCHINSON, New York. 

S. M. KINTNER, Pittsburg. 

A. Р. PECK, New York. 

W. L. WATERS, Milwaukee. 


HIGH-TENSION TRANSMISSION COMMITTEE. 
(Sub-com. of Meetings and Papers Committee.) 
RALPH D. MERSHON, Chairman. 
60 Wall Street, New York. 
В. С. BAUM, San Francisco. 
C. C. CHESNEY, Pittsfield, Mass. 
В. О. ГАММЕ. Pittsburg. 
PAUL M. LINCOLN, Pittsburg. 
W. S. MOODY, Schenectady. 
W. М. RYERSON, Niagara Falls, М. Y. 


JOHN FRITZ MEDAL REPRESENTATIVES. 
HENRY G. STOTT. 
SAMUEL SHELDON. 
SCHUYLER S. WHEELER. 
JOHN У. LIEB, Ја. 
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RAILWAY COMMITTEE 
(Sub-com. of Meetings and Papers Committee.) 
А. H. ARMSTRONG, Chairman. 
Schenectady, N. Y. 

WM. McCLELLAN, New York. 

H. ST. C. PUTNAM, New York. 

C. W. RICKER, Cleveland, О. 

М. W. STORER, Pittsburg, Pa. 


CODE OF ETHICS COMMITTEE, 
SCHUYLER S. WHEELER, Chairman, 
Ampere, М. J. 
BION J. ARNOLD, Chicago. 
Н. У. BUCK, New York. 
J. J. CARTY, New York. 
L. A. FERGUSON, Chicago, Ill. 
В. С. ГАММЕ, Pittsburg. 
J. У. LIEB Jr.. New York. 
C. Р. SCOTT, Pittsburg. 
SAMUEL SHELDON, Brooklyn. 
C. P. STEINMETZ, Schenectady, N, Y. 
L. B. STILLWELL, New York. 


EDUCATIONAL COMMITTEE. 

(Sub-com. of Meetings and Papers Committee.) 
HENRY H. NORRIS. Chairman. 

Cornell University, Ithaca, N. Y. 
САМО DUNN, Ampere. М. J. 
DUGALD C JACKSON, Boston. Mass. 
С. О. MAILLOUX, New York. 
CHARLES F. SCOTT, Pittsburg, Pa. 


THE INTERNATIONAL ELECTROTECHNICAL. 
COMMISSION. 

United States National Committee. 
ELIHU THOMSON, President. Lynn, Mass. 
CHARLES В. SCOTT, Ist Vice-president. 
SAMUEL SHELDON, 2d Vice-president. 
BION J. ARNOLD, 

B A. BEHREND, 
ARTHUR W. BERRESFORD, 
JOHN J. CARTY, 

W.C. L. EGLIN. 

CARL HERING. 

JOHN W HOWELL, 
DUGALD C. JACKSON, 
FRANCIS W. JONES, 
ARTHUR E. KENNELLY, 
BENJAMIN С. ГАММЕ, 
У. А. LAYMAN, 

JOHN W. LIEB, Jr.. 
CLAYTON H. SHARP, 
CHARLES P. STEINMETZ, 
LEWIS B. STILLWELL, 
HENRY С. STOTT, 
SAMUEL W. STRATTON 


COMMITTEE ON FOREST PRESERVATION. 
C. H. PORTER, Chairman. 
Mass, Inst. Technology, Boston. 
R. G. BLACK, Toronto, Ont. 
P. G. GOSSLER, New York. 
A. M. SCHOEN, Atlanta, Ga. 
J. A. THALER, Bozeman, Mont. 
C. A. WADDELL, Biltmore, N. C. 


COMMITTEE ON BIBLIOGRAPHY, 
WM. D. WEAVER, 239 W. 39th 8t., New York 
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Sections and Branches—Directory. 

Name and when Organized. Chairman. Secretary. “Regular Meeting. 

SECTIONS. 
Atlanta............]an. 19, '04 | J. H. Finney. G. J. Yundt. Ist Tuesday. 
Baltimore....... . -Dec. 16, '04 | J. В. Whitehead. С. С. Edwards. 2d Friday. 
Boston............Feb. 13, '03 | Wm. L. Puffer. A. L Pearson. 3d Wednesday 
Chicago.............. 1893 | H. R. King. J. G. Wray. ш Tiediy с Ба 
Cincinnatl......... Dec. 17, '02 | А. С. Wessling. А. С. Lanier. 34 Wednesday. 
Cleveland. ........Sept. 27, '07 | Henry B. Dates. F. M. Hibben. 3d Monday. 
Columbus... ....... Dec. 20, '03 | R. J. Feather. Н. L. Bachman. 1st Wedaesday. 
Ithaca..... ...... Oct. 15, '02 | В. L. Nichols. Н. Н. Norris. 1% м ие 
Los Angeles. .... ...Мау 19, '08 
Mexico........... Dec. 13, '07 | R. F. Hayward. F. D. Nims. 
Minnesota.......... Apr. 7. '02| E. Н. Scofield. A. L. Abbott. - за Monday ze 
Norfolk........... Mar. 13, '08 | К. В. Grant. F. W. Walter. 
Philadelphia... ....Feb. 18, ‘03 | J. В. Stevens. H. F. Sanville. 2d Monday. 
Pittsburg.......... Oct. 13, '02 | C. E. Skinner. В.А. L. Snyder. 1st Wednesday. 
Pittsfleld..........Mar. 25, '04 | J. 1nsull. H. L. Smith. 3d Friday. 
San Francisco...... Dec. 23, '04 | A. M. Hunt. G. R. Murphy. 4th Friday. 
Schenectady....... Jan. 26, '03 | D. B. Rushmore. W. C. Andrews. Every Friday. 
Seattle............ Jan. 19, '04 | J. H. Harisberger. George H. Moore.  |3d Saturday. 
St. Louls.......... Jan. 14, '03 | A. S. Langsdorf. H. I. Finch. 2d Wednesday 
Toledo. ........... June 3, '07 | C. В. McKay. Geo. E. Kirk. Ist Friday. 
Teronto.......... Sept. 30, '03 | W. A. Bucke. W. С. Chace. 2d Friday. 
Urbana..........-Nov. 25, '02 | J. M. Bryant. E. B. Paine. 15% Wednesday aftes 


Washington, D. C.. Apr. 9, '03. | P. G. Burton. 


Philander Betts. 


N.Y. meeting. 
2d Wednesday. 
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Sections and Branches—Directory. 


Name and when Organized. 


BRANCHES. 


Univ. of Arkansas. . Mar. 25, '04 
Armour Institute... Feb. 26, '04 
Univ. of Cincinnati... Apr. 10, '08 
Univ. of Colorado. .Dec. 16, '04 


lowa State College. Арг. 15, '03 
Kansas State Agr. Col, Jan. 10, 


Univ. of Капзаз....Маг. 18, '08 
Lehigh University..Oct. 15, '02 
Lewis Institute.....Nov. 8,'07 
Univ. of Maine..... Dec. 26, '06 
Univ. of Michigan. . Маг. 25, '04 


Univ. of Missouri. . Jan. 10. '03 
Univ. of Montana. . Мау 21, '07 
Montana Agr. Col..May 21, '07 
Univ. of Nebraska.. Apr. 10, '08 
Ohio State Univ....Dec. 20, '02 


Oregon State Agr. Col., Mar. d 


Penn. State College. Dec. 20, '02 
Purdue University..Jan. 26, '03 
Stanford Univ...... Dec. 13, '07 
Syracuse Univ..... Feb. 24, '05 


Univ. of Texas..... Feb. 14, '08 
State Col. of Wash. . Пес. 13, '07 
Washington Univ. .Feb. 26, '04 


Univ. of Wisconsin.Oct. 15, '02 


Worcester Poly. Inst.Mar. 25, '04 


Chairman. 


M. F. Thompson. 


T. С. Oehne, Jr. 
C. R. Wylie. 
L. R. Handley. 


F. А. Fish. 
W. L. Enfield. 


Martin E. Rice. 
H. O. Stephens. 
W. H. Hayes. 


C. M. Davis. 


H. B. Shaw. 
Robert Sibley. 
C. M. Fisher. 


George H. Morse. 


F. W. Funk. 


E. V. Hawley. 


D. R. Simpson. 
J. W. Esterline. 
W. C. North. 

W. P. Graham. 


A. C. Scott. 
H. V. Carpenter. 
W. A. Burnet. 


O. H. Ensign. 


L. W. Hitchcock 


Secretary. 


C. R. Rhodes. 
J. E. Snow. 
C. C. Buchanan. 


H. S. Buchanan. 


Adolph Shane. 
Kirk H. Logan. 


H. P. Broderson. 


J. A. Clarke, Jr. 


P. B. Woodworth. 


Gustav Wittig. 


H. F. Baxter. 


H. D. Carpenter. 
S. R. Inch. 

J. A. Thaler. 

L. E. Hurtz. 

F. C. Caldwell. 


E. C. Wiggin. 


C. D. Preston. 
H. T. Plumb. 
A. J. Gowan. 
R. A. Porter. 


B. F. Kenyon. 
M. K. Akers. 
W. E. Beatty. 


J. W. Shuster. 


W. D. Stearns. 


Regular Meeting. 


Alternate Mondays. 
1st & 3d Thursdays. 


Ist and за Wednes- 
days. 


Ist and 3d Wednes- 
days. 


Alternate Thursdays 
2d Tuesday. 


2d Wednesday. 


Ist and 3d Wednes- 
days. 


Ist and 3d Fridays. 
Ist Thursday. 


Ist Friday. 


Alternate Wednes- 
days. 


Every Wednesday 


Every Tuesday. 


Ist and 3d Thurs- 
days. 


2d and 4th Fridays. 
3d Tuesday. 


2d and 4th Wednes- 
days. 

Every Thursday. 

[45 Thursday 
(Public Meeting.) 


Alternate Fridays. 
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Section and Branch Secretaries. 


IOWA.—ADOLPH SHANE, 
lowa State College. 


ANN ARBOR, MICH.—H. F. BAXTER, 
556 S. State St. 


AMES, 


ATLANTA, GA.—G. J. YUNDT, 
doy Bell Tel. & Tel. Co. 


TEXAS.—B. F. KENYON, 
University of Texas 


BALTIMORE, MD.—CHAS. G. EDWARDS, 
Electiical Commission, City Hall 


BETHLEHEM, PA.—J. A. CLARKE, Jr., 
Lehigh University. 


MASS.—A. L. PEARSON, 
3 Federal St. 


BOULDER, COLO.—H. S. BUCHANAN, 


AUSTIN, 


BOSTON, 


University of Colorado. 


BOZEMAN, MONT.—J. A. THALER, 


Montana Agricultural College. 


CHICAGO, ILL.—J. E. SNOW 
Armour Inst. of Technology. 


CHICAGO, ILL.—P. B. WOODWORTH, 
Lewis Institute. 


CHICAGO, ILL.—J. С. WRAY, 
Chicago Telephone Co. 


CINCINNATI, О.—А. С. LANIER, 
University of Cincinnati. 


CINCINNATI, О.—С. С. BUCHANAN, 
University of Cincinnati. 


CLEVELAND, О.—Е. M. HIBBEN, 
10207 Wilbur Avenue. 


COLUMBIA, MO.—H. D. CARPENTER, 
University of Missouri. 
COLUMBUS, 0.—F. C. CALDWELL, 
Ohio State University. 
COLUMBUS, 0.—H. L. BACHMAN, 
533 South 3d St 
CORVALLIS, ORE.—E. C. WRIGHT, 
Oregon Agr. College. 


FAYETTEVILLE, ARK.—C. R. RHODES, 
University of Arkansas. 


ITHACA, М. Ү.—Н. Н. NORRIS, 
Franklin Hall, Cornell University. 


LAFAYETTE, IND.—H. T. PLUMB, 
Elcctrical Eng. Dept., Purdue University 


LAWRENCE, KAN.—H. P. BRODERSON, 
University of Kansas. 


LINCOLN, NEB.—L. E. HURTZ. 
Lincoln Tel. Co. 


SHUSTER, 


MADISON, WIS.—J. W. 
University of Wisconsin. 


MANHATTAN, KAN.—KIRK H. LOGAN, 
Kansas State Agr. College. 


CITY OF MEXICO.—F. D. NIMS, 
Mexican Light & Power Co. 


MISSOULA, MONT.—S. R. INCH, 
Univ. of Montana. 


NORFOLK, VA.—F. W. WALTER, 
National Bank of Commerce. 


ORONO, MAINE,—GUSTAV WITTIG, 
University of Maine. 


PENN. STATE COLLEGE,PA.—C. D. PRESTON, 
Penn. State College. 


PHILADELPHIA, PA.—H. F. SANVILLE, 
1122 North American Building. 


PITTSBURG, PA.—R. А. L. SNYDER, 
1332 Fulton Building. 


PITTSFIELD, MASS.—H. L. SMITH, 
Stanley-G. I. Elec. Mfg. Co. 


WASH.—M. K. AKERS, 
State College of Washington. 


MO.—C. M. DUNCAN, 
Washington University. 


ST. LOUIS, MO.—H. I. FINCH, 
5217 Morgan Street. 


ST. PAUL, MINN.—A. L. ABBOTT, 
165 E. 4th St. 


SAN FRANCISCO, CAL.—G. R. MURPHY, 
11 Hawthorne St., San Francisco. 


SCHENECTADY, М. У —W. С. ANDREWS, 
General Electric Co. 


SEATTLE, WASH.—GEORGE Н. MOORE, 
1726 Harvard Ave. 


STANFORD UNIVERSITY.—A. J. GOWAN, 
Leland Stanford, Jr., University. 


SYRACUSE, М. Y.—R. A. PORTER, 
Syracuse University. 


TOLEDO, OHIO.—GEO. E. KIRK, 
The Nicholas. 


PULLMAN, 


ST. LOUIS, 


TORONTO, ONT.—W. С. CHACE 
126 Confederation Life Building. 


URBANA, ILL.—ELLERY B. PAINE, 
University of Illinois. 


D. C.—PHILANDER BETTS, 
Metropolitan Bank Bldg. 


WORCESTER MASS.—S. W. FARNSWORTH, 
Worcester Poly. Inst. 


WASHINGTON, 


Local Honorary Secretaries. 


JAMES S. FITZMAURICE, 
210 George St., Sydney, N. S. W. 


H. F. PARSHALL, 
Salisbury House, London Wall E. C., London. 


ROBERT B. OWENS, 
McGill University, Montreal, P. Q. 


WILLIAM B. HALE, 
1а Independencia No. 6, City of Mexico 


CLARE F. BEAMES, 
for Porto Rico and West Indies, 
San Juan, P. R. 


W. G. T. GOODMAN, 
Adelaide, South Australia. 


ROBERT J. SCOTT, 
Christ Church, New Zealand. 
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PROCEEDINGS 


OF THE 
American Institute 


OF 


Electrical Engineers. 


Published monthly at 83 W. 39th St., New York, 
under the supervision of 


THE EDITING COMMITTEE 
GEORGE F. SEVER, Chairman 
PERCY H. THOMAS W.HAND BROWNE, Jr. 


GEORGE A. WARDLAW, Editor 


Subscription. United States, Mexico and Cuba, 
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АП other countries $6.00 per year. 
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Advertisements accepted from reputable concerne 
at the following net rates: 
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Space half year Half year One year 
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1 page $36.00 $32.00 $30.07 
3 page 23.00 18.00 16.00 


Additional charges for Preferred Positions. 
Professional Cards, special rate of $25.00 per year. 
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Section Papers 


N order to make clear to all, the basis 
on which the papers read before the 
Sections during the past year and sent 
to the secretary of the Institute for 
consideration, have been judged, the 
retiring chairman of the Meetings and 
Papers Committee wishes to make the 
following explanation. All such papers 
have been examined when received, 
either by the chairman or some other 
properly qualified person, and when 
found to meet the general standard 
that has been set up for the regular 
meetings of the Institute, have been 
accepted for publication. There have 
been some papers of merit which have 
not been on subjects quite in line with 
the usual custom, and which, though 


perfectly appropriate for Section meet- 
ings where local conditions dominate, 
have not been published. No Section 
papers have been published in the last 
two issues of the PROCEEDINGS, since 
all the available space was occupied by 
the convention papers. 

The chairman of the committee, Mr. 
Thomas, wishes to offer an apology for 
the delay that has occurred in the con- 
sideration of some of the Section papers 
that have been sent in, especially during 
the preparation of the convention pro- 
gram. He has found it impossible to 
keep up with the demands on his time. 
Papers have, however, received rela- 
tively prompt attention wherever it has 
been stated that they were wanted for 
publication. elsewhere if not. accepted 
for the PROCEEDINGS. 


—  À— —— — —— 


Institute Publications 

VERY important duty which every 

member of the Institute can under. 
take, 1$ to correct the erroneous im- 
pression that the technical press pub- 
lishes everything of value that is 
printed in the PRocEEDINGs. While 
the Institute places no restriction upon 
reprinting its papers and discussions, 
the amount of important matter pub- 
lished is so great that our exchanges 
cannot undertake to print it in full. 
Non-members not familiar with the 
work of the Institute do not always 
realize what they miss, and frequently 
apply for copies of papers which are 
out of print. Notable instances of 
this nature are the papers by H. A. 
Foster on the '' Cost of Steam Power ”, 
by Dr. M. I. Pupin, on “ Wave Trans- 
mission over Non-uniform Cable and 
Long-distance Air.lines" and С. О. 
Mailloux on '"''Speed Time Curves." 
As all important papers and discussions 
printed in Section II of the РкосЕЕр- 
INGS are subsequently included in the 
TRANSACTIONS, membership in the 
Institute has a permanent value to the 
electrical engineer which can only be 
appreciated by actual participation in 
its work. 
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2 PROCEEDINGS ОЕ A. I. E. E. 


Twenty-fifth Annual Convene 
tion 


The twenty-fifth annual convention 
of the American Institute of Electrical 
Engineers, held at Atlantic City, N. J., 
from June 29 to July 2, was undoubt- 
edly the most successful meeting ever 
held by the A. I. E. E. While the at- 
tendance in point of members was not 
above the average attendance at the 
Institute conventions during recent 


[August 


ford Martin, Carl Hering, Samuel Shel- 
don, Louis Duncan, John W. Lieb, Jr., 
Arthur E. Kennelly, and Elihu Thom- 
son—all were there engaged in looking 
after the welfare of the Institute. Com- 
menting on this interesting feature of 
the convention at one of the sessions, 
President Stott said: '" As a nation we 
frequently find ourselves asking, ' What 
shall we do with our ex-presidents? ' 
As a national engineering society we ask 


Group of Past-Presidents of the А. I. E. E. 
Atlantic City Convention, June 29-July 2, 1908 


years—there were 460 members and 
guests—yet the proportion of prominent 
and well-known electrical engineers 
present and active in one way or an- 
other at one or more of the sessions was 
much greater than usual. Including 
President-elect Louis A. Ferguson, there 
were present no less than twelve men 
that have been honored with the office 
of president: Charles P. Steinmetz, 
Charles F. Scott, Schuyler Skaats 
Wheeler, Henry G. Stott, T. Commer- 


the same question and then answer it 
by saying, * We make them continue to 
work for the Institute.’ There are ten 
of them here now, disinterestedly doing 
this very thing." 

socially, too, the twenty-fifth annual 
convention of the Institute was prob- 
ably the most delightful of all the social 
affairs in which the Institute has been 
interested. The reception and dance 
given at the Casino on June 29, under 
the auspices of the convention commit- 
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{ее was afterward commented on as 
more of the nature of an informal home 
social atfair, Шап of an open con- 
vention dance. Besides this function 
there were many other social features, 
such as little dinner parties, teas at the 
Atlantic City Golf Club, sailing parties, 
and evening informal dances in the 
pavilion on the Steel Pier. 

Including President Henry G. Stott's 
address on “ The Evolution of Engi- 
neering ", there were presented for dis- 
cussion thirty-five papers, covering ap- 
proximately 775 pages of the Institute 
PROCEEDINGS. There were eight sep- 
arate sessions, taking up a total of 26 
hours' time, devoted to technical papers 
and discussions, beginning at eleven 
a.m. on Monday, June 29, and ending 
at five p.m. on Thursday, July 2. Owing 
to the large number of valuable and 
interesting papers presented, they were 
read in abstract only in order to give 
more time for discussions. The discus- 
sions were animated and extended, no 
less than one hundred and twenty-five 
members taking part in them, and in 
addition there were a number of contri- 
butions by letter. The discussions will 
cover approximately 200 pages of the 
PROCEEDINGS. [These discussions will 
be put in type as soon as the stenog- 
rapher's notes are revised by the various 
authors and approved by the Editing 
Committee; they will be published in 
the PROCEEDINGS as soon as practicable 
after the various authors have approved 
and returned the galley-proofs.] 

The Institute headquarters during 
the convention were at the Hotel 
Traymore, and the convention sessions 
were held in the hotel sun parlor, facing 
the Atlantic Ocean. The convention 
program was carried out, as follows: 


Monday, June 29 
MORNING SESSION— 11 A.M. TO 12.30 Р.м. 
1. Address of Welcome. 

2. President's Address: by HENRY С. 
STOTT. 
Immediately after the speech of wel- 
come by Mayor Stoy of Atlantic City, 
President Henry G. Stott read the presi- 
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dent's address, entitled '* The Evolution 
of Engineering.” President Stott said 
that more progress had been made in the 
engineering world during the last 80 
years than in the period of 4.500 years 
preceding the formulation of Tredgold's 
famous definition. The. progress has 
been so great and the conditions under 
which the engineer phes his tasks are 
now so radically different that Tred- 
gold's definition. fails -properly to re- 
flect the conditions under which modern 
engineering practice is carried. on. 

President Stott made an earnest ap- 
peal to engineers in general to be less 
passive and more aggressive in their 
allegiance to their engineering societies, 
to take a more active and potent in- 
terest in the political, economic. and 
social affairs of the world-—-in short, to 
keep control of the machinery that they 
have so largely created. The address 
concludes with a new and broader defi- 
nition of engineering than that for- 
mulated by Tredgold: “ Engineering— 
the art of organizing and directing men, 
and of controlling the forces and mate- 
rials of nature for the benefit of the 
human race." 

[This address is printed in Section II 
of this PRockEDiINGSs.] 


3. C. M. Соррльр, " Electricity аз. 
Viewed by the Insurance Engineer. 
Should the A.LE.E. Interest Itself 
in Fire Protection? ” 

4. P. а. Baum, Water Power Devel- 
opment in the National Forests. A 
Suggested Government Policy.” 


Following the presentation of the 
papers, President Stott introduced 
President-elect Louis A. Ferguson of 
Chicago. In an interesting and brief 
off-hand address, Mr. Ferguson out- 
lined his policy regarding the executive 
administration of the Institute during 
the coming year. He said that the wel- 
fare of the Institute would undoubtedly 
be furthered if a larger number of young 
men could be brought to appreciate 
the benefits arising from active Insti- 
tute work; that the Institute's interests 
would be still further advanced if more 
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men of broad executive training could 
be induced to give the Institute the ben- 
efit of their experience and judgment. 


AFTERNOON SESSION—2 Р.М. TO 5 Р.М. 


5. W. Lee CAMPBELL, “А Study of 
Мио се Automatic Switchboard 
Telephone Systems.” 

6. К. A. FESSENDEN, '' Wireless Tele- 
phony.” 

7. А. E. KENNELLY and S. E. WHITING, 
“ The Measurement of Rotary Speeds 
of Dynamo Machines by the Strobo- 
scopic Fork.” 

S. Cuas. Е. WADDELL, “ Notes on the 
Electric Heating Plant of the Bilt- 
more Estate.” 


As mentioned in the second para- 
graph, a delightful reception followed 
by a dance was given in the Casino on 
Monday evening, June 29. 


Tuesday, June 30 
MORNING SESSION -9.30A4.M. TO 12.30 P.M. 


9. E. E. Е. CREIGHTON, '' Measure- 
ments of Lightning, Aluminum Light- 
ning-Arresters, Earth Resistances, Ce- 
ment Resistances and Kindred Tests.” 

10. Ernst J. Вевс, “ Tests with Arcing 
Grounds and Connections." 

11. Austin BunT,"'' Three-Phase Power 
Factor.” 

12. Percy H. THomas, “ Critical Study 
of Lightning Records on Taylor's 
Falls Transmission Line.” 

13. J. W. Fraser, “ Engineering Fea- 
tures of the Southern Power Com- 
pany's Systems.” 


On Tuesday afternoon, June 30, there 
was a putting contest for the women, 
followed by a tea at the picturesque 
links of the Atlantic City Golf Club. 
This affair, as well as all the other 
social amenities, was given under the 
auspices of the Convention Committee, 
consisting of W. C. L. Eglin, Charles 
Day, J. J. Gibson, Nathan Hayward, 
H. F. Sanville, and Paul Spencer. 


EVENING SESSION— 8 Р.М. TO 10.30 P.M. 


14. RALPH D. Мевзном. '' High-Volt- 
age Experiments at Niagara." 
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15. D. В. Зсногез, “ Fundamental 
Considerations Governing the Design 
of Transmission Line Structures.” 

16. C. E. SKINNER, “ The Testing of 
High-Voltage Line Insulators.” 


Before opening the discussion on these 
papers, President Stott announced that 
at a meeting of the Board of Directors on 
February 14, 1908, there were adopted 
resolutions of appreciation of the work 
done by Past-president Charles F. Scott 
of Pittsburg in connection with the in- 
ception, construction, completion, and 
administration of the Engineers’ Build- 
ing in New York. Before the entire 
convention assemblage in the meeting 
hall, Past-president Samuel Sheldon of 
Brooklyn then presented Mr. Scott 
with a set of tastefully engrossed and 
framed resolutions, reproduced in fac- 
simile on page 5 of this PROCEEDINGS. 
With characteristic modesty Mr. Scott 
acknowledged this additional honor in 
a few appropriate words. 


Wednesday, July 1 
MORNING SESSION-9.30 A.M. TO 12.30 P.M. 


17. COMFORT А. Арамз, `* Voltage 
Ratio in Synchronous Converters, 
with Special Reference to the Spht- 
pole Converter.” 

18. J. LEstER WOODBRIDGE, “ Applica- 
tion of Storage-Batteries to Regula- 
tion of Alternating-Current Systems.” 

19. B. А. BEHREND, “А New Large 
Generator for Niagara Falls.” 

20. W. L. Waters, '' Modern Develop- 

~ ments in Single-Phase Generators.” 

21. Jens ВАСНЕ-\ ис,‘ Application of 
Fractional-Pitch Windings to Alter- 
‘nating-Current Generators." 

22. J. В. Віввіхѕ, “ Double-Deck 
Steam Turbine Power Plants." 

23. J. R. Віввіхѕ, “ Working Results 
from Gas-Electric Power Plant. Re- 
port of 30 Dav Test on Service 
Plant, Richmond Works, American 
Locomotive Company.” 


AFTERNOON SESSION— 2 P.M. TO 5 Р.М. 


24. J. B. WHITEHEAD, '" From Steam to 
Electricity on a Single-Track Road." 
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«А Resolutions adopted by зиду, 
| edo. the Board of Directors ку; 
February 14, 1903.схэ-> 45524 


1! ereas, Ihe Board of Directors of 
\\ /ИБе American Institute of Elec- 

У |trical Engineers, upon the ехрі- 
Jration of the three CÓ term of 


as a Irustee in the United Engineering » 
Society, desires to put on record its hea 
| reco тибор of his earnest, faithful.and 
cient services throughout the inception, con- 
struction,and completion of the Engineers 
fe, Building; | 
ЗН) ГҮ wiesolved, That to Mr. Scott's engineer- 
SF | | Juin experience, his watchful care, 
а || NER his thorough appreciation of the 
| Ajrequirements of the future as wellas 
of the present, and especially to his con- 
Selling influence in thus bringing about the 
full realization of a plan which а ће outset 
| seemed only visionary, the electrical engi- 
neers of Deque are and will for all time be 


m 2) esolvec, That the American Institute 
H1 илы. | E ders its sincere thanks to Past-Presi- 


toits interests throughout his term as a rep- 
| resentative upon the Joint Building Commit- 

tee, and. upon the Board of Irustees of the 
United Engineering Society. 
resolved. [hat this preamble and these 
ё [resolutions be spread in full upon the 
"X fofficial records of this Board.that they 
ША М be printed in the Proceedings of this 
| institute, and that a suitable сору be pe 

nsti 


М — 


[9 
d 
[ d 


А, 


~ « LS СА sented at a future meeting of this ute, 
А = РК. о Past- President Charles Е Scott. 
> СМ ји“ А. 
| 2 WO DUI > ‚$ The Board of Directors by 4 › 
га LER | = 
Jj "e phe SRE Ж 


Secretary 


Engrossed Resolutions presented to Past-President Charles F. Scott, at the 
Atlantic City Convention, Tuesday evening, June 30, 1908 
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25. Н. С. Specut, “ Induction Motors 
for Multispeed Service with Par- 
ticular Reference to Cascade Opera- 
tion.” 

20. GERARD B. WERNER, “ The De- 
termination of the Economic Loca- 
tion of Sub-Stations in 
Railways.” 


Electric 
27. 5. B. FonRrTENBAUGH, “ Conductor 
Rail Measurements." 


One of the most interesting features 
of the convention was the informal meet- 
ing of the оћсетх of the Institute, the 
Sections Committee, and the represen- 
tatives of the Sections and Branches, on 
Wednesday evening, July 1. Nearly all 
of the 22 Sections and 26 Branches were 
represented at the meeting, which was 
presided over. by Mr. Раш Spencer, 
chairman of the Sections Committee. 
At this meeting Mr. Spencer invited free 
and full expressions of opinion from all 
the representatives present, asking par- 
ticularly for practical suggestions for 
closer working relations between the 
Sections and Branches and Institute 
headquarters. An interesting discus- 
sion, lasting from S to 11:30 p.m., fol- 
lowed this invitation. 


Thursday, July 2 
MORNING SESSION 0.50 A. M. TO 12.50 P. M. 


28. C. P. SrkEINMETZ, " The General 
Equations of the Electric Circuit.” 
20. C. P. STEINMETZ, “ Primary Stan- 

dard of Light." 

30. CARL HERING, “ An Imperfection 
in the Usual Statement of the Funda- 
mental Law of Electromagnetic [n- 
duction." (With discussions by letter) 

31. В. E. HeLLMUND, "Graphical Treat- 
ment of the Rotating Field.” 

32. HARorLD PENDER, “А Minimum- 
Work Method for the Solution. of 
Alternating-Current Problems." 

33. CARL J. FECHHEIMER, “ The Rela- 
tive Proportions of Copper and Iron 
in Alternators,” 


AFTERNOON. SESSION - 2 PM. TO > PM. 


54. M. W. ALEXANDER, “A New 
Method of Training Engineers.” 
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35. D. В. Коѕнмове, “The Relation 
of the Manufacturing Company to the 
Technical Graduate." 

36. B. A. BEHREND, '' The Relation of 
the Manufacturing Company to the 
Technical Graduate.” 


At the closing session on Thursday 
afternoon, in addition to the customary 
acknowledgments to the Convention 
Committee, the Convention voted its 
appreciation of the assistance rendered 
by the Philadelphia Section, the propri- 
etor of the Brighton Casino, and the un- 
tiring, faithful, and able services of 
President Stott and the various com- 
mittees during the last year, in many 
ways probably the most successful year 
in the history of the Institute. 


Report of the Sections Com- 
mittee 


PHILADELPHIA, Pa., May 16, 1908 


To the Board of Directors of the American 
Institute of Electrical Engineers. 


GENTLEMEN: The Sections Committee 
would submit the following report of 
the work of the Committee for the year 
ending April 30, 1908: 

There are at present 22 Sections, Ю- 
cated in the following cities: 

Atlanta, Ga. 

Baltimore, Md. 

Boston, Mass. 

Chicago, И. 

Cincinnati, ©. 

Cleveland, О. 

Columbus, О. 

Ithaca, N. У. 

Mexico, Мех. 

Minneapolis-St. Paul, Minn. 

Norfolk, Va. 

Philadelphia, Pa. 

Pittsburgh, Pa. 

Pittsfield, Mass. 

San Francisco, Cal. 

Schenectady, N. Y. 

Seattle, Wash. 

St. Louis, Mo. 

Toledo, (). 

Toronto, Canada, 

Urbana, Ill. 

Washington, D. С. 
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This list shows an increase of 4 Sec- 
tions since May I, 1907, the date of the 
last report of the Sections Committee. 

The following are the Sections which 
have been added since that date: 


Toledo Authorized June 3, 1907 
Cleveland “ Sept. 27, 1907 
Mexico 5 Dec. 13, 1907 
Norfolk is Mar. 13, 1908 


In addition to the above Sections, 
there are at present 26 Branches, or- 
ganized in the following universities 
and colleges: 

University of Arkansas. 

Armour Institute. 

University of Colorado. 

Iowa State College 

Kansas State Agricultural College 

University of Kansas 

Lehigh University 

Lewis Institute 

University of Michigan 

University of Missouri 

University of Montana 

Montana Agricultural College 

Pennsvlyania State College 

Purdue University 

Stanford University 

Svracuse University 

Washington State College 

Washington University 

University of Wisconsin 

Worcester Polytechnic Institute 

Ohio State University 

Oregon State College 

University of Texas 

University of Maine 

University of Nebraska 

University of Cincinnati 

Of the above, 11 have been organized 
since May 1, 1907, the date of the last 
report of the Sections Committee, as 
follows: 

Date 
Branch Authorized 

Montana Agricultural College, 

May 21, 1907 
University of Montana, May 21, 1907 
Lewis Institute, Nov. 8, 1907 
Stanford University, Dec. 13, 1907 
State College of Washington, 

Dec. 13, 1907 
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Kansas State Agricultural College, 

Jan. 10, 1908 
Feb. 14, 1908 
Mar. 13, 1908 


University of Texas, 

University of Kansas, 
Oregon State College, Mar. 13, 1908 
University of Nebraska April 10, 1908 
University of Cincinnati, April 10, 1908 

In addition to the above lists of Sec- 
tions and Branches which have been 
started during the past year, there have 
been inquiries from 12 different cities, 
located at widely scattered points 
throughout the country, suggesting the 
formation of Sections in their territory. 
These inquiries have not been brought 
to the attention of the Board of Direc- 
tors, as the Sections Committee has felt 
that it would be wise to postpone the 
formation of Sections in these cities 
until the membership in their various 
territories had been increased. 

These inquiries, however, received 
from so many widely scattered sections 
of the country, indicate the interest 
which is taken in the Sections work by 
the membership at large. 

It has not been the policy of the pres- 
ent Sections Committee to encourage 
the formation of new Sections, except 
in localities where there is a real need 
for them. It is believed that the initia- 
tive should come from the local mem- 
bership, and that new Sections should 
be encouraged only in localities where 
there is sufficient present. membership 
to enable the work to be carried on suc- 
cessfully. It was with this idea of re- 
stricting the organization of new Sec- 
tions that the committee proposed to 
the Board of Directors the amendment 
to the By-laws, raising the number re- 
quired to sign a petition for the forma- 
tion of a Section to 25 Members and 
Associates residing in the territory of 
the proposed Section. Thisamendment 
to the By-laws was adopted by the 
Board of Directors, and under its re- 
strictions it has not been possible to 
encourage the formation of Sections in 
these various localities. 

It is believed by the Sections Com- 
mittee that the policy of limiting the 
Sections tothe. more thickly settled 
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centres of electrical interest is a wise 
one, and that it should be maintained, 
and that it may even be found desirable 
to increase the requirements as to the 
number of members necessary for the 
organization of a Section. 

As far as the formation of University 
Branches is concerned, the committee 
has adopted a somewhat different pol- 
icy. The provisions of the Constitution 
and of the By-laws are extremely lib- 
eral in allowing University Branches to 
be formed under the authorization of 
the Board of Directors in any institution 
of recognized standing, maintaining a 
course in electrical engineering, and 
where a Member or Associate connected 
with the institution desires to form 
such an organization. These organiza- 
tions entail little or no expense upon the 
Institute, and their influence should be 
of great importance in acquainting engi- 
neers at the beginning of their careers 
with the work of the Institute, and it 
has seemed wise to the committee to 
adopt a most liberal policy toward their 
formation. 

The Student enrolment is largely in- 
creased through these organizations, 
and this Student enrolment should 
form a most desirable feeder to the As- 
sociate membership of the Institute. 
At present it would seem as if the In- 
stitute is not obtaining the full possible 
benefits from its Students. Many Stu- 
dents do not become Associates at the 
expiration of their period of enrolment 
as Students, but automatically cease 
their connection with the Institute. 
The Sections Committee endeavored 
during the past year to draft amend- 
ments to the By-laws which would pro- 
vide for enrolled Students automatically 
becoming Associates, but was unable 
to accomplish this under the require- 
ments of the Constitution. 

The committee would, however, re- 
commend to the Membership Commit- 
tee, and to the permanent office of the 
Institute, that every possible means be 
taken to encourage the Students to be- 
come Associates at the end of their 
period of enrolment as Students. 
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We believe that the work of the Sec- 
tions and Branches has been carried on 
during the past year somewhat more 
systematically and with better results 
than heretofore. The meetings of most 
of the Sections have been held with regu- 
larity, and there has been a large num- 
ber of original papers presented, some of 
which have been published in the Pro- 
CEEDINGS. 

We attach a sheet which gives a par- 
tial summary of the meetings held at the 
Sections and Branches during the vear. 
This summary is, unfortunately, not 
complete, as it is compiled from the 
regular reports sent in by the different 
secretaries, and these reports are not. 
sent in with the regularity that could 
be desired, and many meetings have 
been held and papers presented which 
are not included in the reports received. 
The lists are, however, sufficiently 
complete to show that the work has 
been carried on during the past year 
with even greater activity than here- 
tofore. 

The Sections Committee has prepared 
and published a set of rules for the 
guidance of the Sections, so as to pro- 
vide for a somewhat more systematic 
method of carrying on their work, and to 
acquaint them with the necessary rou- 
tine to be followed, in connection with 
their reports, finances and other details. 

The question of expenses has been 
in the past vear, as heretofore, on a 
somewhat unsatisfactory basis. The 
Board of Directors treated this matter 
with ега у, granting the full amount 
of the appropriation asked for by the 
Sections Committee, but the difficulty 
has been in appropriating this amount 
equitably among the different Sections. 
The Sections have undoubtedly been 
somewhat embarassed in their work, 
owing to the fact that they have not 
been able to know at the beginning of 
the year just how large an appropriation 
they could depend upon. 

We recommend that hereafter each 
Section be required to submit in Sep- 
tember an estimate of the amount that 
will be required from the Institute for 
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A.LE E. SECTIONS SUMMARY OF MEETINGS HELD MAY 1, 1907, TO APRIL 30, 190%* 


Number Original Institute 


Name of Section of papers papers Visiting 
meetings presented discussed speakers Attendance 

Atlanta...... 1 1 1 — 18 
Baltimore... 9 6 1 3 223 
Boston..... 6 4 4 631 
Chicago...... 2 7 — 4 200 
Cincinnati..... 8 8 — -— 79 
Cleveland..... 4 2 — 1 176 
Columbus.... 1 —- — ] мо 
Ithaca....... 9 6 5 — 665 
Mexico......... ] — — — — 
Minnesota.......... 5 1 7 —- 152 
Norfolk......... 1 — — — — 
Philadelphia.. 8 11 2 -- 635 
Pittsburgh... T 9 15 7 —- мо 
Pittsfield........ & 8 -— 2 585 
San Francisco............ 2 — — — 110 
Schenectady............ 21 19 1 1,200 
Seattle... ills 9 6 1 — 64 
St. Шошз........... 6 3 — — 186 
Toledo........... 11 9 1 1 173 
Toronto......... 7 5 — 5 166 
Ufbanao e TS 10 6 8 1 1,158 
Washington.......... 3 3 — — 69 

То{а1........... utis wa 141 120 38 27 7,476 


* The above summary is compiled from the reports of local secretaries to the Secretary of the 
Institute. Other meetings have undoubtedly been held and not reported. 


A.LE.E. BRANCHES—SUMMARY OF MEETINGS HELD MAY 1, 1907, ТО APRIL 30, 1908* 


Number Original Institute Visiting 


P 


Name of Branch of papers papers speakers Attendance 
meetings presented discussed 
University of Агкапзаз................... 9 3 7 — 167 
Armour па шће......................... 15 13 — 1 2NU 
University of Союга4о.................... 7 8 — — 102 
Iowa State СоПЦеде....................... 11 8 9 — 277 
Kansas State Арг. Со|.................... 4 1 1 -— — 
University of Капзаз..................... 2 --- 4 — 43 
Lehigh Олпїуегыйу........................ х 8 — — 42 
Lewis 1пзифе.......................... 3 2 — - 400 
University of Michigan................... 7 2 3 1 S| 
University of Missouri.. 1 9 — 131 
University of Montana.................... 2 -— - — 6 
Montana Agr. College..................... 6 3 ; 1 117 
Penna. State СоПене...................... 4 — — -- - — 
Purdue Опјуегану....................... Ix 12 7 -— 626 
Stanford ШЫпуегыйфу...................... 3 3 - -— 69 
Syracuse Опіуегеіїу...................... 10 1 9 — 212 
Wash. State СоШеде...................... 4 — 4 — 54 
Washington University................... 7 2 5 — 53 
University of Wisconsin................... 4 a 6 — 300 
Worcester Poly. 1п5,..................... 10 14 — 2 1,168 
Ohio State University.................... — — — -— — 
Oregon State СоЦеше..................... — — m —- eu 
University of Техаз...................... — ——- - —- — 
University of Мапе,...................... — -- -- — -- 
University of Међгазка................... — -— — —- — 
University of Спстпац.................. — = -— —- 


ова еи о аеннан dd 54 66 5 4.125 
* The above summary is compiled from the reports of local secretaries to the Secretary of the 
Institute. Other meeeings have undoubtedly been held and not reported. 
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VISITING SPEAKERS AT SECTIONS AND BRANCIIES, SEASON 1905 
Namc Home Address Section Dates 

Armstrong, А. Н....... . . Schenectad y. Chicago. 

Andrews, W. 5......... . .Schenecta ly. Pittsfield. March 27, 1904. 
Adams, C. А............. .. .Cambridge. Н Worcester. Ар 29, 1907. 
Barnes, H. H., Jr........ ..New York. Pittsfield. Nov. 14, 1907. 
Вет} ражи ки .. Schenectady. Pittsfield. Feb. — 6.19035. 
Bibbins, J. Е............ . Pittsburg. Worcester. Dec. 6, 1907. 
Dean, W. T......... .. Chicago. Schenectady. Oct. 15, 1907. 
DeForest, Lec...... .. New York. Toledo. Aug. 2. 1507. 
Eveleth, C. Е................. Schenectady Pittsfield. | Dec. 20, 1907. 
Jackson, \.5........... . . York, Pa. Toledo. Nov. 15, 1907. 
Lincoln, P. M.................. Pittsburg. Chicago. May 24, 1907. 
Mershon, Ralph D.............. New York. Pittsburg. March 14, 190%. 
Moody, №. 5...... . .Schenectady. Pittsfield. March 27, 1908. 
Pope, Ralph W..... .. New York. Philadelphia. Oct. 10, 1907. 
Pope, Ralph W................New York. Philadelphia. Dec. 9, 1807. 
Pope, Ralph W................New York Pittsfield. March 27, 1908. 
Rushmore, D. B...............Schenectady. Pittsfield. Nov. 2, 1907. 
Rushmore, D. B...............Schenectady. Philadelphia. Dec. 9, 1907. 
Scott, Chas. F.................Pittsburg. Columbus. Oct. 2, 1907. 
Scott, Chas. F.................Pittsburg. Baltimore. Jan. 17, 1908. 
Scott, Chas. F.................Pittsburg. Ithaca. Feb. 7, 1908. 
Smith, W. М............. . . New York. Ithaca. Dec. 6, 1907. 
Spencer, Раш!................. . Philadelphia. Schenectady. Oct. 10, 1907. 
Spencer, Paul......... .. . Philadelphia. Cleveland. Oct. 28, 1907. 
Spencer, Раш!................. . Philadelphia. Baltimore. Jan. 17, 1908. 
Stott, Henry G........... .. New York. Schenectady. Oct. 10, 1907. 
Steinmetz, С. Р........ .. .Schenectady. Worcester. April 17, 1908. 
Steinmetz, С. Р........... . Schenectady. Chicago. 


its expenses, and that the appropriation 
for each Section be made in October, so 
that each may know definitely the 
amount of the appropriation and regu- 
late its work and expenses accordingly. 

This recommendation refers to the 
Sections, and not to the University 
Branches, as it is believed tbat the 
University Branches should entail little 
or no expense upon the Institute, and 
that it will be unnecessary to make them 
any definite appropriations. 

There has been in the past year, un- 
doubtedly, an increased amount of in- 
terest raised in the Sections by the 
greater number of visits which have 
been made to the local Sections by off- 
cers and prominent members of the In- 
stitute. The records of the Institute 
would indicate that between 40 and 50 
such visits have been made, and the 
Sections Committee would express its 
appreciation to the ditferent men who 
have contributed so much to the in- 
terest of the local meetings. 

Respectfully submitted, 
PAUL SPENCER, 
Sections Committee Chairman. 


Presen tation to the Institution 
of Electrical Engineers 


At a meeting of the Board of Direc- 
tors of the American Institute of Elec- 
trical Engineers, September 28, 1906, 
and in accordance with the action of 
the board, President Sheldon appointed 
a committee consisting of John W. 
Lieb, Jr., Schuvler Skaats Wheeler, and 
Ralph W. Pope, to prepare a suitable 
testimonial for presentation to the In- 
stitution of Electrical Engineers in ac- 
knowledgment of courtesies to the rep- 
resentatives of the American Institute 
of Electrical Engineers who participated 
in the Circular Tour through Great 
Britain in July, 1906. The committee 
decided that the testimonial should be 
made in the form of a bronze bust of 
Benjamin Franklin, bearing a suitable 
inscription, and mounted on a mahog- 
any pedestal. This was subsequently 
forwarded to Mr. Horace Е. Parshall, 
Local Honorary Secretary of the In- 
stitute for Great Britain, by whom it 
was presented to the Institution. of 
Electrical Engineers, at the general 
meeting held at London on April 30, 
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1908. The following is an extract from 
the official proceedings on that occasion. 


EXTRACT FROM THE PROCEEDINGS OF 
THE INSTITUTION OF ELECTRICAL EN- 
GINEERS AT THEIR GENERAL MEETING 
OF APRIL 30, 1908. 


PRESENTATION OF A BUST OF BENJAMIN 
FRANKLIN BY THE AMERICAN INSTI- 
TUTE OF ELECTRICAL ENGINEERS. 


THE PRESIDENT, COLONEL R. E. 
Crompton, C.B.: I understand that we 
have among us an ambassador from 
the American Institute of Electrical 
Engineers, who is charged with the per- 
formance of a duty, and I now have the 
pleasure to call upon him to perform it. 

Н. F. PARsHALL: Mr. President and 
members of the Institution of Elec- 
trical Engineers: I have the honor and 
pleasure to present on behalf of the 
American Institute of Electrical Engi- 
neers a souvenir of their happy remem- 
brances of a trip to this island about 
a year and a half ago. They were so 
cordially received by the members of 
this Institution that a lasting impression 
was made upon their minds, hence the 
desire to emphasize particularly in a 
permanent way, their appreciation of 
the kindness and hospitality which they 
had received at the hands of their bro- 
ther engineers in Great Britain. Al- 
though the number of members of the 
American Institute that were able to 
come abroad was but a small fraction 
of the whole, the account they gave of 
their reception was so cordially re- 
ceived by the Institute that this tribute 
comes forward by the unanimous wish 
of the members of the American Insti- 
tute. It may not be generally known 
that this presentation would have been 
made on the inauguration of Lord 
Kelvin as president of this Institution. 
This was thought to be the most aus- 
picious occasion that could be selected 
to emphasize the friendship which exists 
between the two institutions, in fact, it 
was felt that this was the most auspi- 
cious occasion that could happen in the 
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electrical engineering world, since noth- 
ing could so far advance the position of 
the electrical engineer as the fact that 
Lord Kelvin at his great age and with 
his great position was willing to preside 
over this Institution as an expression 
of his desire to further the interests of 
electrical engineering. 

Alas, the occasion so much hoped for 
was not to be! It is consoling, however, 
to think that Lord Kelvin, accompanied 
by Lady Kelvin, had seen this statue 
and had expressed his appreciation and 
admiration of it; and it certainly adds 
greatly to the value of it to know that 
it was seen by Lord Kelvin, who strong- 
ly approved of the sentiment by which 
the gift was prompted. The letter from 
Mr. Pope, Secretary of the American 
Institute, asking me to make this pre- 
sentation, stated that the subject is 
Benjamin Franklin. It appears to me 
that the selection is an extremely happy 
one, since Benjamin Franklin is by 
common consent the greatest natural 
philosopher born and bred on American 
soil. Kelvin, as we are all most happy 
and proud to admit. was the greatest 
natural philosopher and scientist asso- 
ciated with the advancement of elec- 
trical science yet born to the world. 
Franklin’s insight into nature came 
from a purely natural genius and the 
discoveries he made were intuitive. 
Kelvin had the same natural genius, 
but he had the additional advantage 
of great mathematical powers of analv- 
sis. While the investigation of electrical 
phenomena by Franklin was but one 
department of a busy life, and became 
more of a pastime given out of such 
time as could be spared from attending 
to matters of state, since he was per- 
haps greater as a statesman than as a 
natural philospher, Kelvin's whole life 
was devoted to science and without in- 
termission he successively enriched and 
perfected knowledge on all branches of 
physical science. It has been frequently 
stated that for all practical purposes 
Franklin was an Englishman. That his 
origin and methods were English there 
can be no dispute nor wish to dispute 
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so far as the Institute I am speaking for 
is concerned, and this same character- 
istic applies to most of the names that 
have given America her position in con- 
nection with the development of elec- 
trical science. I refer to such names as 
Henry, Farmer, Morse, Bell, Edison, 
and Elihu Thomson. 

It is with especial pleasure that I 
make this presentation, since I have the 
honor of being a Member of both the 
American and British Institutions, and 
having now resided so many years in 
this country, any event that may em- 
phasize and strengthen the friendship 
between the two leading bodies of elec- 
trical engineers is especially welcome to 
me. Mr. President and members, of the 
Institution of Electrical Engineers, I 
now respectfully request you to accept 
this bust of Benjamin Franklin as a 
token of the sincere friendship and es- 
teem of your brother engineers in 
America, the president and members 
of the American Institute of Electrical 
Engineers. 

THE PresiDENT: Mr. Parshall, and 
other members of the American Insti- 
tute of Electrical Engineers who are 
present. On behalf of the Council and 
the members of our Institution, I wish 
to say that we very highly appreciate 
this beautiful gift to us from our Amer- 
ican friends, in courteous recognition 
of their reception and entertainment on 
the memorable occasion when it was 
our great privilege to receive them as 
the honored guests of the Institution. 
I have also to thank you, Mr. Parshall, 
for the appropriate and kindly words 
you have used in referring to our late 
President, Lord Kelvin. I understand 
from what you have said that both he 
and Lady Kelvin saw and greatly ad- 
mired the bust of Benjamin Franklin, 
which you have now presented to the 
Institution, and we deeply deplore the 
sad event which prevented the accept- 
ance of the bust by him as our president 
at the opening of the session. It now 
remains for me to accept with gratitude, 
in the name of our members, this repre- 
sentation of your illustrious country- 
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man, that great investigator and states- 
man, Benjamin Franklin. I beg that you 
will bear to your president and mem- 
bers in America a message from us ex- 
pressive of the warm feeling which we 
have for them, and that we shall ever 
entertain the liveliest recollection of 
their kindly reception of us when we 
visited the United States, at the time 
of the St. Louis Exhibition in 1904. 
We feel we were only able to make but 
a poor return to them when they hon- 
ored us, two years ago, by becoming our 
guests in turn, but we hope we may be 
able to receive them again at some 
future time, and that there will be тапу 
opportunities of fostering the cordial re- 
lationship and warm feeling which at 
present exists between the two Institu- 
tions, making them practically one as 
regards scientific thought and attain- 
ment. The gift of to-day forms an ad- 
ditional tie between our two great kin- 
dred societies. 

I have now to propose: '' That the 
most cordial thanks of the Institution 
of Electrical Engineers be, and are 
hereby expressed, to the American In- 
stitute of Electrical Engineers for their 
great kindness and courtesy in present- 
ing to us, through Mr. H. F. Parshall, 
their honorary secretary for Great Brit- 
ain, the magnificent bust of their great 
countryman, pioneer and investigator 
in electrical science, Benjamin Frank- 
lin. The gift will ever be treasured and 
preserved by us in token of the cordial 
friendship existing between the sister 
Electrical Engineering Societies of 
America and Great Britiain." 

The resolution was carried with ac- 
clamation. 


An interesting example of inter- 
national academic courtesy took place 
at the University of Liverpool on 
July 2, when that University, acting 
for Lehigh University of Bethlehem, 
Pa., conferred the degree of Master of 
Science on Mr. Horace F. Parshall. Mr. 
Parshall was graduated at Lehigh Uni- 
versity, in the electrical engineering 
course, in 1887. 
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Sections and Branches 


ARMOUR [INSTITUTE ОР TECHNOLOGY 
BRANCH 

А meeting was held in the engineering 
rooms on May 14, C. R. Morey presid- 
ing, with an attendance of 13. Mr. 
Morey read a paper on '' Lightning Pro- 
tective Apparatus." He discussed at- 
mospheric conditions making lightning 
protection necessary. The effect of 
lightning discharge was pointed out and 
similar effects produced in switching 
were also shown. The theory of the 
lightning-arrester and its component 
parts was taken up together with their 
location to afford the most efficient 
protection. Mr. Morey described the 
more important types of arresters from 
the earliest forms to the most recent. 
The operation of each was fully ex- 
plained. A few foreign types of arresters 
were discussed briefly. The multigap 
and electrolytic arresters were consid- 
ered in detail. A short discussion fol- 
lowed the reading of this paper. 


A meeting was held in the physics 
lecture room on May 21, 1908, T. C. 
Oehne, Jr., presiding, with an attend- 
ance of 32. Lieutenant W. Е. Sims, past 
assistant engineer of the Illinois naval 
reserves, read a paper on '' Some Fea- 
tures of the Electrical and Mechanical 
Equipment of the U. S. Navy." 

Among the mechanical features taken 
up were the construction of ship, water, 
sewerage, heating, and refrigerating 
systems. Water-tube boilers were dis- 
cussed and their availability for this 
class of work pointed out because of 
smaller units, less weight per boiler 
horse power, and higher allowable pres- 
sures. The necessity for mechanical 
draft on account of insufficient height 
of stacks to allow for natural draft, was 
discussed, together with the methods 
of obtaining it. The kinds of engines 
were considered and their peculiarity 
for the special class of work discussed. 
The very rigid requirements for the 
electrical installations of first-class bat- 
tle ships because of the steel construc- 
tion and exposure to moisture was 
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pointed out. Amongst other things it 
was shown that a special circuit is pro- 
vided for battle service. This circuit 
carnes only such lighting as is necessary 
in action, day or night. All feeders as 
far as possible are run below the pro- 
tective deck or behind armor. Eighty 
volts was standard until recently. Now 
125-volt installations are standard, due 
to the rapid increase in the motor load. 
In the later ships fully 80 per cent. of 
the generating capacity is used for 
power purposes. In ships of the Con- 
necticut type, about 800 kw. is provided 
in eight 100 kw. units direct connected 
to high speed vertical cross compound 
engines. The Connecticut, for example, 
carries 213 motors ranging from 0.25 to 
80 h.p. in addition to 73 portable fan 
motors. An interesting discussion fol- 
lowed the reading of this paper. 

A meeting was held in the engineer- 
ing rooms on May 27, T. C. Oehne, Jr., 
presiding, with an attendance of 24. 
Professor John E. Snow read a paper on 
“ Machine Tool Driving.” 

In the introduction to his paper, Pro- 
fessor Snow contrasted conditions under 
the old method of driving with engine 
and counter-shafts with those now ex- 
isting with motor drive, discussing im- 
proved efficiency in both machine op- 
eration and shop output. The subject 
of group or individual drive was treated 
along the line of size of motor and kind 
of system in use. The characteristics of 
the various types of motors both alter- 
nating-current and direct current, were 
discussed in their bearing on this class 
of work. An attempt was made to find 
out the tendency of the times in regard 
to the use of the newer types of motors 
such as the inter-pole and various oth- 
ers. The subject of speed limits for mo- 
tors used in machine tool work was dis- 
cussed and deductions drawn from tab- 
ulated data obtained from machine tool 
manufacturers. A number of letters 
were read, from both manufacturers and 
engineers prominent in the installation 
of manufacturing and repair shops. 
The paper was illustrated with lantern 
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slides showing typical methods of driv- 
ing such machinery by motors. Ап 
interesting discussion followed. 


А special meeting was held May 28 
for the election of officers for the en- 
suing year. The officers elected are as 
follows: for vice-chairman, Tracy W. 
Simpson; for recording secretary and 
treasurer, F. C. Zanzig. 


ATLANTA SECTION 

The Atlanta Section held its regular 
meeting on the first Tuesday in June 
in Room 1331 Candler Building, At- 
lanta, Са. The meeting was presided 
over by Mr. J. Н. Finney. On account of 
the meeting date falling on election day 
the attendance was smaller than usual, 
but the discussion on lightning protec- 
tors was participated in by a number of 
members and the meeting was thorough- 
ly enjoyed by all present. 


BALTIMORE SECTION 

The Baltimore Section held a meeting 
at Johns Hopkins University, June 12, 
1908, Professor J. B. Whitehead pre- 
siding, with a total attendance of 55 
members and visitors. Mr. W. А. Young 
chairman of the committee on nomina- 
tions, reported the following ticket: for 
chairman, J. B. Whitehead; secretary, 
Charles G. Edwards; executive commit- 
tee, Messrs. Douglass Burnett, P. O. 
Keilholtz, Charles Е. Phelps, Jr., L. M. 
Potts, Carroll H. Thomas. The nomina- 
tions were approved and the above 
members were elected as oflicers for 
the ensuing year. The paper of the 
evening, '" From Steam to Electricity 
on a single Track Railroad," was read 
by Dr. J. B. Whitehead, and was most 
interesting, the subject being treated 
in a masterly wav. 


Boston SECTION. 

A meeting of the Boston Section was 
held in the auditorium of the Edison 
Building on May 20, 190%. The meeting 
was called to order by Chairman Putter 
at 8.05 p.m. The Chair stated that 


Messrs. Elden, Vaughan and Shaad, 
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had been appointed a nominating com- 
mittee, who reported a list of nominees 
as officers for the ensuing year, as fol- 
lows: chairman, А. E. Kennelly; vice- 
chairman, D. C. Jackson; secretary- 
treasurer, Albert L. Pearson; executive 
committee, Messrs. Corning, Gibbs, 
Shaad, Vaughan, and Wiard. 

It was voted that the secretary be re- 
quested to cast one ballot for the ofti- 
cers above named, which was done, and 
they were declared elected. Professor 
Puffer called upon Mr. Vaughan, who 
presented a paper on “ Comparative 
Tests of Lightning Protection Devices 
on the Taylor's Falls Transmission Sys- 
tem." Mr. Neall then presented a paper 
on '' Studies in Lightning Performance, 
Season of 1907." A general discussion 
followed. There were about 60 mem- 
bers present. Adjourned at 9.40 p.m. 


CHICAGO SECTION 

А meeting was held on June 5, 1908, 
in the rooms of the Western Society of 
Engineers. Mr. W. L. Abbott presided. 
Mr. R. F. Schuchardt read a paper on 
“ Recent Developments in Protective 
Features of a Large High-Tension 
Underground System." 

The experience of the Commonwealth 
Edison Co., which led to the develop- 
ment of an extremely simple system of 
protection was described, and some car- 
dinal principles were laid down regard- 
ing the application and installation. of 
protective devices. Sectional operation, 
the grounded neutral, selective relay 
setting, and relay experiences were dealt 
with. ln view of the extreme import- 
ance of this subject to the larger central 
statión companies, the local committee 
invited discussions and comparison of 
experience from engineers of some of 
the larger companies. The discussions 
thus received from New York, Brook- 
lyn, Boston, St. Louis, and Milwaukee, 
made the evening an instructive and 
valuable experience meeting. The fur- 
ther local discussions by Messrs. Jun- 
kersfeld, Abbott, Wiler, PenDell, Roper, 
Schuchardt, and others, brought out 
considerable operating information. Al- 
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together, from an “ electricity trans- 
mission and distribution "' viewpoint 
the meeting was one of the most valu- 
able ever held in Chicago. 


UNIVERSITY OF COLORADO BRANCH 

A meeting was held in the engineering 
building on May 6, L. R. Handley pre- 
siding, with an attendance of 28. Mr. 
L. M. McBride, electrical engineer for 
the Cary & Fielding Mining Machinery 
Company of Denver, delivered an ad- 
dress оп‘ The Cost and Construction of 
Small Switchboards." He took up the 
cost of various kinds of boards and 
methods of assembling, also the prac- 
tical difficulties met with in installation 
and maintenance. 

Several amendments to the constitu- 
tion were proposed, after which the 
meeting was adjourned. 

A meeting was held on May 20, L. R. 
Handley presiding, with an attendance 
of 28. The amendments which were 
proposed at the previous meeting were 
taken up and adopted. It was moved 
that the constitution be typewritten. 
The following named officers were 
elected for the ensuing year: H. H. 
Watters, chairman; L. D. Jones, secre- 
tary; G. W. Sorenson, treasurer; J. S. 
De Remer, chairman of the program 
committee, and A. P. Sunnergren, com- 
mittee man. Professor H. S. Evans gave 
a short talk on engineering in general, 
after which the installation of officers 
took place. 


lowa STATE COLLEGE BRANCH 

March 25, 1908—35 members and 
visitors attended this meeting, which 
was presided over by Adolph Shane. 
The chairman of the social committee 
made a report. He showed that an as- 
sessment of 50 cents per member was 
necessary in order to make the social 
of April 23 a success. Assessment was 
accordingly authorized and it was 
further voted that the invitations should 
be issued the same as for the social 
meeting of last term. There were two 
papers presented. Опе by Mr. Moore 
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was an abstract of two articles from the 
March, 1908, number of the Епутесттне 
Magazine. The first article was by Mr. 
Н. M. Horton on “ The Management 
of Production in a Great Works." This 
took in the organization, plan and sys- 
tem of the Westinghouse Electric and 
Manufacturing Company. The other 
paper was by С. F. Stratton on " Labor 
Cost Distribution at the General Elec- 
tric Shops." This outlined the methods 
developed and the results secured. 
Discussion by Messrs. Van Deventer, 
Н. J. Cooper, А. W. Thompson, M. W. 
Pullen, and Adolph Shane. 

The second paper of the evening was 
on "'' Electrolysis” by Ganz in the 
Electrical Age of February, and ab- 
stracted bv Mr. Sackrison. This paper 
cleared up some of the obscure points 
in the methods used for the detection 
and measurement of the earth currents. 
The paper indicated how easily one 
might be led astray if a common though 
incorrect method were used. 


The meeting of April 1 passed without 
any particular event in spite of the date. 
excepting that Professor Fish, the 
chairman, did not materiahze. How- 
ever, 23 Institute members and 7 vis- 
itors decided to hold the meeting in the 
usual way. Adolph Shane, the secre- 
tary, presiding in the absence of the 
chairman. Mr. Van Deventer reviewed 
Messrs. Stillwell and Putnam's paper on 
the '' Electric Haulage of Canal Boats,” 
which appeared in the March PROCEED- 
INGS. The discussion by Messrs. Pullen, 
Garner, Van Deventer, Meeker, Hal- 
penny and Shane brought out the one 
fact that in general electrification of 
our canal system might probably be not 
far different in the ultimate problem 
than constructing an electric railway 
along the same highway. That is, we 
are approaching the electric railway idea 
in spite of the waterway at the disposal 
of the community, and hence, excepting 
for some special cases, the expense of 
the electrification, as in a railway, en- 
ters and the cheapness and simplicity 
of mule power.disappears. Mention was 


16 PROCEEDINGS OF А.Г.Е. Е. 


made of the discussion by Dr. Steinmetz 
hinting at this very point. 

April 15—24 members of the Branch 
and 11 visitors attended this meeting, 
presided over by F. А. Fish. The mem- 
bership question was brought up and in 
this connection Mr. Pullen advised the 
reading of Mr. Rushmore's paper on 
membership. Mr. Dewey made a report 
of the social committee about the social 
meeting to be held April 22. The pro- 
gram for the event was discussed at 
some length. It was finally decided 
to give the social committee full sway. 
The first paper was an abstract of “ Pro- 
tection of Electrical Apparatus from 
Lightning and Similar Disturbances ” 
appearing in the Electric Journal and 
abstracted by Mr. Ross Rudd. It was 
shown that some of the effective meth- 
ods of overcoming static disturbances 
are: overhead grounded conductor, 
multigap lightning arrester, electrolytic 
arrester, and spark gap. In the discus- 
sion, the chairman brought out the fact 
that the problem of lightning protection 
could not be said to be solved yet. 
Further, it was brought out that the 
matter of grounds was important and 
that the methods used for grounding 
were not entirely above criticism. The 
next paper on '' Porcelain" was ab- 
stracted from the General Electric. Re- 
тео by Mr. Kreul. The dry and wet pro- 
cess of porcelain manufacture for elec- 
trical purposes was discussed and the 
merits of each brought out. 


— 


The second social meeting of the 
Iowa State College Branch was held 
April 29 (postponed from April 22). 
This proved to be if anything more 
successful than the meeting of like na- 
ture held last fall. А general good time 
was evident and interest did not lag 
from the beginning to the end. There 
were 73 present. The log of this meeting 
shows that the various members of the 
Branch are saturated electrically and 
magnetically; some of them possess at- 
tributes commonly supposed to cling 
close to alternating-current circuits. 
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During intervals Professor Fish had 
his phonograph talking and singing, and 
this requires further word. There are 
many talking machines of ditferent 
kinds on the market, good, bad and 
indifferent. This one is of the first class. 
Selections as solos, quartettes and sex- 
tets from the great singers of the world 
were reproduced so realistically that 
applause was spontaneous, and from 
an artistic view-point the oft-derided 
talking machine was surely vindicated. 


May 6— This meeting was given over 
chiefly for the election of officers for 
the fall term of 1908. There were 25 
members present. The several commit- 
tees made reports. It was decided to 
have the A.I.E.E. Members and Asso- 
ciates of the Branch meet the deficit in 
the treasury. It was moved and cor- 
dially seconded that a vote of thanks be 
extended the social committee for the 
excellent way in which the program of 
April 29 was carried to a conclusion. 
It was carried unanimously. The mem- 
bers then proceeded to the election 
of the officers. Professor F. A. Fish 
was re-elected chairman and Professor 
Adolph Shane was re-elected secretary. 
The results of the election of members 
of the executive committee gave Messrs. 
Frank K. Shutf, H. W. Wagner, and 
George А. Mills a majority vote and 
they were declared elected. Messrs. 
McElyea, Bek, and King receiving ma- 
jority votes were declared elected as 
members of the social committee. It 
was moved by Mr. Pullen and seconded 
by Mr. Shane that the increase of mem- 
bership committee be continued next 
term and that the two juniors at present 
on the committee be continued thereon 
and that the Chair appoint at his leisure 
members to fill the three vacancies 
caused by those departing. Carried. 

The above meeting closed the 1907-08 
year of the Iowa State College Branch 
meetings. The interest taken in the 
organization by the members proved 
very gratifying and even an increased 
success is confidently predicted for the 
coming year, 
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Kansas University BRANCH 

А meeting was held on May 28, 1908, 
M. E. Rice presiding, with an attend- 
ance of 31. On this occasion the тет- 
bers of the Branch were given an un- 
usually good program, after which re- 
freshments were served and a social 
session enjoyed by all. Professor E. Е. 
Stimpson gave a lecture on the singing 
and talking arc, and illustrated his 
lecture by actual experiments showing 
the etfects of varying the inductance and 
capacity upon the tones emitted. Mr. 
L. E. Mason, manager of the Missouri 
and Kansas Telephone Co. in Lawrence, 
then gave an address on '' Present Prac- 
tical Uses of Wireless Telephony." He 
first gave its early history and then 
described the present methods and uses 
to which it is applied. 


Los ANGELES SECTION 

The first meeting of the Los Angeles 
Section of the American Institute of 
Electrical Engineers was held at the 
Hotel Hayward, Los Angeles, Califor- 
nia, June 16, 1908, at 6:30 p.m. There 
were present eighteen members and 
fifty-one visitors. An informal dinner 
preceded the business session. Mr. C. W. 
Koiner and Mr. J. E. Macdonald were 
unanimously elected temporary chair- 
man and secretary respectively. 

А preliminary form of by-laws was 
submitted and adopted. An executive 
committee of seven was elected as fol- 
lows: С. А. Copeland, C. W. Koiner, 
J. A. Lighthipe, J. E. Macdonald, T. A. 
Panter, E. Y. Porter and E. Woodbury. 
From this number, the chairman, secre- 
tary, and assistant secretary will be 
elected by mail ballot. 

Many of the non-members present, 
prominent in the electrical field in 
Southern California, expressed a desire 
to become affibated with the Institute 
and the outlook is exceedingly promising 
for an active and enthusiastic Section. 


MONTANA AGRICULTURAL COLLEGE 
BRANCH 
The regular May meeting was held 
in the electrical lecture room, C. M. 
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Fisher presiding, attendance 22. Мг. 
Р. S. Lorentz gave a talk on the West- 
inghouse apprenticeship course and Mr. 
W. Griffith told of his experience as an 
operator at the Hauserlake power plant. 


At a special meeting held May 22, 
the following officers were elected for 
the coming year: chairman, B. 5. Hind; 
secretary, J. А. Thaler; treasurer, A. 5. 
Brown. 


NORFOLK SECTION 

А meeting was held in the assembly 
rooms of the Board of Trade on June 
12, temporary chairman, К. К. Grant, 
presiding, with an attendance of 12. 
Mr. Grant stated that the meeting had 
been called to receive the report of the 
organization committee. Mr. Stan- 
brough presented the report, which con- 
sisted mainly of the following By-laws, 
which were adopted. 


BY-LAWS OP THE NORFOLK SECTION 


1. Name. Under the Constitution of 
the American Institute of Electrical En- 
gineers and pursuant to authorization 
of its Board of Directors March 13, 1908, 
this Norfolk Section is organized. 

2. Membership. The membership of 
this Section shall consist of Members 
and Local Members. 

(a) Members and Associates of the 
Institute residing in Norfolk and vicin- 
ity shall be corporate members of the 
section. 

(b) Local Members shall be persons 
engaged in electrical work in this vicin- 
ity. 

They shall be entitled to enjoy all the 
privileges of the Section with the ex- 
ception of voting for and holding office. 

Application for Local Membership 
shall be made to the secretary. At the 
next regular meeting of the Section, the 
secretary shall read the name of such 
applicants and any member objecting 
to their election shall communicate to 
the secretary at the close of the meeting. 


The secretary shall submit his recom- 


mendations to the executive committee 
for ratification. 
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3. Dues. Corporate members shall 
be exempt from dues. Special assess- 
ments may be levied by a majority vote 
of those present at any regular meeting. 

Local Members shall pay $3.00 per 
annum. The fiscal year shall commence 
with the first meeting in the fall. Local 
Members elected prior to January 1, 
shall pay the full dues for that year, 
after January 1 they shall pay $2.00. 

4. Quorum. Seven corporate mem- 
bers shall constitute а quorum. 

5. Meetings. The Section shall hold 
regular monthly meetings from October 
to June, for the presentation of papers 
and discussion on electricity and the 
allied arts and sciences. The June 
meeting shall be an annual meeting at 
which the Section officers for the fol- 
lowing year shall be elected. The month- 
ly meetings shall be held the week fol- 
lowing the New York mecting. 

6. Officers. The management of the 
Section shall be in the hands of an ex- 
ecutive committee consisting of a chair- 
man, vice-chairman, local secretary, 
and three others, one of whom shall 
reside at Newport News and be elected 
by the members from that city. Cor- 
porate members of the Section shall vote 
by ballot for the executive committee. 
The ofticers of the executive committee 
shall constitute the officers of the Sec- 
tion. 

7. Government. The government of 
the Section, the procedure therein, the 
duties of the officers shall be in accord- 
ance with the Constitution and By-laws 
of the Institute, the reports of the Sec- 
tions Committee of the Institute sub- 
mitted December 20, 1907, and pub- 
lished in the February PROCEEDINGS, 
the By-laws of this Section and Roberts 
Rules of Order, in the order named. 

$. Amendments. These By-laws may 
be amended by a majority vote of the 
corporate members present at any reg- 
ular business meeting held after notice 
has been given that the amendment ts 
to be considered. 

The Section elected the following exe- 
cutive committee: D. G. Stanbrough, 
chairman; R. A. Smith, vice-chairman: 
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R. R. Grant, secretary; C. W. Bradley 
and А. Н. Apperson, and one member 
to be elected from Newport News. 

Mr. Stanbrough, upon taking the 
chair, appointed the following member- 
ship committee: W. C. Dean, W. R. 
Cook, I. A. Blumgart, H. R. Palmer. 
The Section then adjourned to meet 
again the second. week in September. 


OREGON AGRICULTURAL COLLEGE 
BRANCH 

A meeting was held in Mechanical 
Hall on Мау 27, C. У. Hawley presiding, 
with an attendance of 36. Engineering 
education was discussed by Professor 
Gardner, Messrs. С. Christianson, W. К. 
Baker, К. Wall, and Е. С. Wiggen. 
The next meeting of the Branch will be 
held early in October. 


PHILADELPHIA SECTION 

A meeting was held at Boothby's 
restaurant on June 8, J. F. Stevens pre- 
siding, with an attendance of 95. The 
committee reported on the Toronto reso- 
lution regarding a new grade of mem- 
bership, and Mr. Hering, the chairman, 
read a new resolution which was drawn 
by the committee. After considerable 
discussion the motion to adopt the res- 
olution was lost. The following named 
officers. were elected: president, Paul 
Spencer; managers, H. C. Snook, W. E. 
S. Temple, Geo. Ross Green; secretary- 
treasurer, H. F. Sanville; assistant sec- 
retary, L. J. Costa; Mr. Eglin made a 
short address on the coming Atlantic 
City convention. 


SAN FRANCISCO SECTION 

The February meeting of this Section 
was held on February 28 in the hall of 
the California Gas and Electric Corpo- 
ration's Building; attendance 110. The 
chairman of the Section, Mr. А. M. 
Hunt, presided. Mr. F. G. Baum pre- 
sented a paper on “ А High-Head Tur- 
bine Unit.” The turbine referred to is 
installed in the Centerville station of the 
California Gas and Electric Corporation, 
and is operating under a 600 ft. head. 

Owing to Mr. Baum's absence, the 
paper was read by Mr. P. M. Downing 
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and further explained in detail by means 
of lantern slides. Mr. W. A. Doble dis- 
cussed the paper in detail, claiming 
that the ultimate head under which a 
Francis type turbine can be econom- 
ically and successfully operated 15 lim- 
ited by approximately 200 6. Mr. L. 
Jorgensen brought out the point that 
variations in head atfect the turbine eth- 
ciency less than the water wheel. The 
paper was further discussed by Messrs. 
Lee, Wise, Bowie, Babcock, Hutton, 
and Adams. 

At the conclusion of this discussion, 
there was an informal talk on '' Trans- 
former ОП”, in which the following 
members took part, Messrs. Lighthipe, 
Lee, Downing. Babcock, Meredith, Bowie, 
Holberton, Van Norden, and Adams. 

Before the meeting adjourned, the 
chairman, Mr. А. M. Hunt, announced 
that at the March meeting a paper would 
be presented on ''Single Phase Trac- 
tion " and discussed by several mem- 
bers who would, in the meantime, visit 
the installation of the Vallejo, Benicia 
and Napa Valley Railroad. 


At a meeting of this Section, on May 
29, 1908, A. J. Bowie, Jr., presented a 
paper entitled “ Horn Туре Arresters 
and Automatic Circuit-Breaker." This 
paper is printed in full in the Journal 
oj Electricity, Power and Gas, of June 
2(). 1903, and the discussion on it in the 
same journal of June 27, 1908. 


TorEpo SECTION 

A meeting was held in the Builder's 
Exchange on June 5, C. R. McKay 
presiding. with an attendance of 43. The 
minutes of the April and May meetings 
were read and approved. A letter from 
Public Librarian Sewell was read, and 
in accordance therewith a motion was 
made and carried that the chairman 
appoint a committee to wait upon Coun- 
cilman Fielbach in the interests of a 
larger allotment for the Toledo Public 
Library. Secretary Pope's letter of 
Мау 1, concerning a delegate to attend 
the convention at Atlantic City, was 
read. Mr. McKay announced his in- 
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ability to attend, and George E. Kirk 
was elected alternate. Mr. J. M. 5. 
Waring of Chicago delivered ап address 
on the uses of storage batteries. Among 
the matters considered by Mr. Waring 
were that in large plants where there 
are heavy loads of short duration, the 
economy in operation of installing and 
running less machinery than maximum 
load requirement, by the aid of storage 
batteries, is considerable. „Again the 
power user whose consumption varies 
widely, may in many instances use 
storage cells to make his needs more uni- 
form with a saving in current cost. In 
smaller plants handling power and hight- 
ing, when the power demand fluctuates 
considerablv, as in elevator service, à 
most decided improvement in lighting 
may be brought about by using electric 
storage batteries. 

A new application, recently perfected 
Ьу Mr. Woodbridge, was touched upon, 
whereby a split pole converter may be 
so connected up in alternating-current 
service with storage cells, that the cells 
тау act as a flywheel to keep down the 
peak of heavy load demands on gener- 
ator even more accurately than in pres- 
ent direct-current work 

A special meeting of Toledo Section 
was held June 25, 1908, making a trip 
to Detroit for the entire dav to attend 
the convention of the American Society 
of Mechanical Engineers. Through the 
courtesy of the Toledo Railway & Light 
Company, the private саг Toledo was 
obtained for the occasion. By previous 
arrangement with the Detroit Conven- 
tion Committee, the privileges of the 
meeting were extended to Toledo Sec- 
tion аз guests of its secretary, a member 
of the А. S. M. E. 

In the forenoon, the launching of the 
Daniel B. Meacham at the Ecorse ship- 
yards of the Great Lakes Engineering 
Works was witnessed. In the afternoon, 
besides the regular А. S. М. E. session, 
there was a simultaneous meeting of 
the Gas Power Section, where papers 
of considerable interest to many of To- 
ledo Section were read and discussed. 
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The day was ideal for the quick trol- 
ley excursion, as well as for the meet- 
ings. The carload of section members 
enjoyed the outing. 


WASHINGTON SECTION 
A meeting was held in Hubbard Me- 
morial Hall on April 21, David 5. Carll 
presiding. Mr. C. D. Haskins of Schen- 
ectady gave an illustrated discourse ón 
" Recent Developments in Electric 
Lighting.” 


A meeting was held in George Wash- 
ington University on May 20, Paul G. 
Burton presiding, with an attendance 
of 12. It was the annual meeting at 
which the election of ofħcers takes place. 

The secretary made a report showing 
that during the year three meetings had 
been held, at which papers were pre- 
sented. On three other months, meet- 
ings were held jointly with other asso- 
ciations; and in the month of March no 
meeting was held, owing to the large 
number of scientific and professional 
societies in Washington, who hold reg- 
ular meetings at various intervals. 

It has been a question on the part of 
some members of the local Section as to 
whether an attempt should be made to 
hold regular monthly meetings. A con- 
sensus of opinion among the members 
generally is that the Section organiza- 
tion ought to be retained. After a 
lengthy discussion of the matter of 
holding meetings, it was decided to pro- 
ceed next усат as has been done in the 
past by holding eight meetings in the 
course of the year. An executive com- 
mittee was elected, composed of men 
who were in favor of keeping up regu- 
lar meetings. 

Motion was made and seconded that 
the delegate to the Convention be in- 
structed to recommend to the chairman 
and committee of local organizations 
that a certain proportion of the dues 
paid in by members should be set apart 
for maintenance of local Sections. 
After a great deal of discussion, the 
motion was finally passed. The annual 
election was then held, which resulted 


[August 


in the election of Philander Betts, chair- 
man for the coming year; Louis D. 
Bliss, secretary. The remaining mem- 
bers of the executive committee are: 
John H. Hanna, Paul G. Burton, and 
Mr. H. C. Eddy. 

Mr. Paul G. Burton was elected alter- 
nate, in case the chairman of the Sec- 
tion should be unable to attend the 
Convention at Atlantic City, June 29, 
1908. 


WASHINGTON UNIVERSITY BRANCH 

A meeting of the Washington Univer- 
sity Branch was held at 2:10 p.m. on 
March 25, 1908, in room 202, Cupple's 
Hall II, by Chairman Burnet. Attend- 
ance, members 12; visitors 8. Professor 
Langsdorf read a most interesting paper 
on “ Engineering Education ''. He 
attributed most of the trouble that 
technical schools experience with first- 
year students to lack of thoroughness 
in preparatory school training. He be- 
lieves that too much time is spent on 
educational fads, to the detriment of 
drill and discipline in fundamental sub- 
jects. Attention was called to the fact 
that it is becoming more and more neces- 
sary for the modern engineer to combine 
general education and culture with tech- 
nical training. 

А lively discussion followed the con- 
clusion of the paper and Mr. Burnet 
suggested an arrangement of the courses 
in the electrical engineering department 
of the university that offered several 
advantages. 


Another meeting of the Washington 
University Branch was held at 2:25 p.m. 
on April S, 1908, in room 202, Cupple's 
Hall II, Chairman Burnet presiding. 
The attendance was very small, only 10 
being present. The minutes of previous 
meeting were read and approved. Мг. 
Tyler's paper was an abstract of the 
Institute paper by Mr. A. H. Armstrong 
on '' The Comparative Performance of 
Steam and Electric Locomotives”, which 
appeared in the PROcEEDINGS, October, 
1907. The limitations of the steam 
locomotive, especially as regarding effic- 
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1епсу and economy at high speeds and 
under over-load, were pointed out. 
The advantage of the electric tractor 
under these as well as other conditions 
was demonstrated and numerous other 
points of interest and importance re- 
garding the subject were brought out. 
A brief period of inquiry and discus- 
sion followed the paper. 


Another meeting of this Branch was 
held on May 13, 1908. Mr. Toeppen 
gave the results of part of his thesis 
work on '' Fatigue of Insulators.” He 
also described the apparatus used and 
the methods employed in his investiga- 
tions. 

Messrs. Tyler and Burnet described 
their thesis work, '' The Design and 
Construction of a 150,000-volt Trans- 
former." Mr. Burnet took up the de- 
tails of design and Mr. Tyler described 
the construction. The many difficulties 
that arose during the process of con- 
struction and the ways of avoiding and 
overcoming them made their talk very 
interesting. After a short period of in- 
quiry and discussion the meeting ad- 
journed at 4:10 p.m. 


The meeting of the Branch on May 
26, 1908, was called to order at 9:00 p.m. 
in the Sigma Chi Fraternity Rooms by 
Chairman Burnet. Attendance, mem- 
bers, 15. The reading of minutes was 
omitted and we proceeded to the elec- 
tion of the chairman and vice-chairman 
for the year 1908-9. The result of the 
election was as follows: chairman, C. 
M. Duncan; vice-chairman, W. D. 
Barnes. The secretary is chosen in 
October from the Junior Class. 

Professor Langsdorf spoke in a most 
interesting manner on ''The Patent 
Situation in the United States ". He 
spoke in turn of the abuses of the patent 
laws, stated the defects in the laws that 
made abuses possible, and suggested 
changes that would tend to reduce the 
abuse of patent rights. The superior 
points of German patent laws were re- 
ferred to several times. It was also 
stated that the Patent Office in this 
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country was not given by the govern- 
ment the attention and support that its 
importance called for. 

At the conclusion of Professor 
Langsdorf's talk Mr. Lamke gave us 
some reminiscences of his university 
days at Michigan. 

Refreshments and cigars together 
with several good stories occupied the 
time until midnight at which time the 
Branch adjourned till October, 1908. 


Applications for Election 


Applications have been received by 
the Secretary from the following candi- 
dates for election to the Institute as 
Associates; these applications will be 
considered by the Board of Directors at 
a future meeting. 

Any Member or Associate objecting 
to the election of any of these candi- 
dates should so inform the Secretary be- 
fore September 11, 1908. 


7700 Darrall, S. S., Iquique, Chili, S. A. 
7701 Ross, E. J., Jr., Little Silver, №. J. 
7702 Zetherlund, C. A., Baramulla, 
Kashmir, India. 
7703 Dobson, A. E., Waratah, Tasmania 
7704 Millar, H. M., Wellington, N. Z. 
7705 Tryon, Allan C., Maumee, O. 
7706 Fahy, J. T., Wellington, N. Z. 
7707 Gupta, B. C., London, Eng. 
7708 Bossert, C. P., Milwaukee, Wis. 
7709 Hall, W. D., Port Huron, Mich. 
7710 Ogle, Thomas B., Norfolk, Va. 
7711 Rosok, I. A., Bisbee, Arizona. 
7712 Sutherland, K. W., Adelaide, Aus. 
7713 Batchelder, W. O., Salem, Mass. 
7714 Gettrust, John, So. Norwood, О. 
7715 Servos, John, Toronto, Ontario. 
7716 Watts, George E., Atlanta, Ga. 
7717 Fellechner, Е. G., Bridgeport, Ct. 
7718 Peeples, Ben, Memphis, Tenn. 
7719 Ballard, A. W., Los Angeles, Cal. 
7720 Lasar, F. J., St. Louis, Mo. 
Reeve, J. W., Jr., Lake City, Fla. 
7722 Sawtelle, E. M..Hale,Cheshire, Eng. 
7723 Sprague, S., Winthrop, Mass. 
7724 Kirschberg, H., Altoona, Pa. 
7725 Batchelder, С. K., Colorado Spgs. 
7726 Benziger, J. U., Bahia, Brazil, S.A. 
7727 Cursset, P. D., Sao Paula, Brazil. 
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Daggett, P. H., Neponset, Mass. 
Eyre, Richard, N. Y. City. 
Weller, H. F., Los Angeles, Cal. 
Scattergood, E. F., Pasadena, Cal. 
Sandford, J. A., Jr., New Lexing- 
ton, O. 
Rojahn, E. E., Dallastown, Pa. 
Swann, Theodore, Bristol, Tenn. 
Kemp, C. G. R., Brazil, S. A. 
Watson, Lionel, Toronto, Ont. 
Kensit, H. E. M., Toronto, Ont. 
Hilleary, O., Los Angeles, Cal. 
Stahl, Nicholas, Pittsburg, Pa. 
MacDonald, G. W., Los Angeles. 
Pyle, C. G., Los Angeles, Cal. 
Möller, N. A., Mexico City, Mex. 
Smith, W. B., Los Angeles, Cal. 
Kean, Alonzo, Los Angeles, Cal. 
Jackson, C. H., Los Angeles, Cal. 
Beals, F. H., Los Angeles, Cal. 
Walton, F. P., Los Angeles, Cal. 
Boxall, W. L., Los Angeles, Cal. 
Darnell, W. H., Los Angeles, Cal. 
Manahan, R. H., Los Angeles, Cal. 
Roome, W. G., Los Angeles, Cal. 
Seaman, J. H., Tropico, Cal. 
Kelman, J. N., Los Angeles, Cal. 
Geer, F. H., Los Angeles, Cal. 
Cox, J. H., Los Angeles, Cal. 
Ballard, A. H., Los Angeles, Cal. 
Glasgow, A. S., Los Angeles, Cal. 
Wintersgill, H. L., Los Angeles. 


99 Socci, J. B., Mexico City, Мех. 


0 Gaylord, R. H., Pasadena, Cal. 
;1 Shortall, О. R., Philadelphia, Ра. 


2 Grant, W. M., San Francisco, Cal. 


Tate, J. V. E., Kankahalli, Музоге. 
Farrand, A. C., Atlantic City, N.J. 
5 Young, H. P., Atlantic City, N. J. 
) Wilson, J. L., Brazil, S. A. 


» Braun, С. F., San Francisco, Cal. 


Reed, Robert R., Washington, Pa. 
Twining, Н. LaV., Los Angeles. 
Thompson, D. B., Schenectady. 
Brill, O. C., San Francisco, Cal. 
Brandenburg, T., Pachuca, Hidal- 
го, Mex. 

Chesrown, E., Pittsburg, Ра. 
Gilbert, L. D., Los Angeles, Cal. 
Foster, F. F., Los Angeles, Cal. 

3) Campbell, C. H., Los Angeles, Cal. 
Myers, А. S., Los Angeles, Cal. 
Foulkes, T., Los Angeles, Cal. 
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7779 Hoag, W. S., Los Angeles, Cal. 
7780 Carleton, L. F., Davidson, N. C. 
7781 Darling, С. F., Minneapolis, Minn. 
7782 Hastin, F. W., Piermont, N. Y. 
7783 Falk, H. S., Milwaukee, Wis. 
7784 Ingham, W. F., Ponce, P. В. 
7785 Woehler, W. L., Goldfield, Nev. 
7786 Noble, J. P., Oklahoma City, Okla. 
7787 Francis, I. J., Los Angeles, Cal. 
7788 Moore, N. S., Morton Park, Ш. 
7789 McKibbin, R. H., Loomis, Wash. 
7790 Lidders, A. H., Los Angeles, Cal. 
7791 Dalton, W., Philadelphia, Pa. 
7792 Hughes, R. J., San Francisco, Cal. 
7793 Halloran, A. H., San Francisco,Cal. 
7794 Franz, W. G., Cincinnati, О. 


Total, 95. 


Personal 
THE ENGINEERS’ Crus of Philadel- 
phia has removed to 1317 Spruce street, 
Philadelphia, Pa. 


У. KaRAPETOFF, formerly assistant 
professor, has been made a professor of 
electrical engineering at Cornell Univer- 
sity. 


Mr. W. C. WAGNER is at present chief 
electrical engineer of the N. W. Im- 
provement Company, at Roslyn, Wash- 
ington. 


Mr. CHARLES S. POWELL has removed 
his оћсе from No. 12 Broadway, to the 
City Investing Building, 165 Broadway, 
New York. 


MR. ALEXANDER M. Gray, designing 
engineer with Allis-Chalmers Company, 
has been transferred from Cincinnati to 
Milwaukee. 


Mr. Oscar FRIEDRICH, has recently 
accepted a position with Pattison Bro- 
thers, consulting engineers, Broadway 
and Fifth Avenue, New York. 


Mr. Кормах Си.рек has been elected 
secretary of the Crocker-Wheeler Com- 
pany, Ampere, New Jersey, manufac- 
turers and electrical engineers. 
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CAPTAIN ROBERT P. PARROTT is now 
one of the sales engineers in the sales 
department of the new tungsten lamp, 
General Electric Company, Harrison, 
New Jersey. 


Mr. ARTHUR С. BIERMA is now con- 
nected with the drafting department in 
the Buffalo office of the Niagara, Lock- 
port, and Ontario Power Company, 
Butfalo, N. Y. 


Mr. І. W. PuirriPs, who has been 
with the North Mountain Power Com- 
pany of Eureka, California, is now in- 
stalling a hydroelectric plant at Kla- 
math Falls, Oregon. 


Mr. L. M. WniGHT, after а two 
months' vacation at home, has resumed 
work in the navy, as chief electrician in 
charge of the wireless telegraph station 
at New Orleans, La. 


Mr. MONTAGUE FERRY, who has been 
employed by the Empire Construction 
Company of San Francisco, and been 
working there under Mr. 5. б. McMeen, 
has returned to Chicago. 


PRorEssoR CHARLES E. Hewitt has 
. accepted a call as professor of electrical 
engineering of New Hampshire College, 
Durham, N. H. He will begin his new 
work about September 1. 


Мк. ALLEN G. Jones has been trans- 
ferred from the Chicago othice of the 
General Electric Company, to their San 
Francisco office in connection with gen- 
eral supply work in that territory. 


Mr. CuaRLES P. Cooper has resigned 
from his position as instructor in elec- 
trical engineering at New Hampshire 
College, and is now with the New York 
and New Jersey Telephone Company. 


MR. J. C. ErBERsON has severed his 
connection with the Philadelphia Elec- 
tric Company and taken charge of the 
plant of the Philadelphia & Western 
Railroad Company at Beechwood, Pa. 
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Мк. Byron T. Burt, the former man- 
ager of the Chattanooga Light and 
Power Companv, has been made соп- 
sulting resident electrical engineer of 
the Lock and Dam Company of that 
city. 


— 


Мк. W. E. SPRINGSTEEL, for the last 
nine years chief engineer for Weil and 
Meyer, New York, has resigned to ac- 
cept the position of superintendent for 
Clernand & Co., 64 Grand Street, New 
York. 


Mr. HowarpD SHREVE FISHER, for 
nearly 14 years with the Westinghouse 
Electric and Manufacturing Company, 
is now secretary of the Dictaphone Com- 
pany of America, at 290 Broadway, 
New York. 


Mr. HERBERT W. ANDERSON, for over 
two years connected with the transfor- 
mer engineering department of the 
General Electric Company at the Schen- 
ectady Works, has been transferred to 
the Pittsfield works. 


Mr. O. C. Macy, formerly with the 
Сато Electric & Traction Company, 15 
now superintendent of the Alton Gas 
& Electric Company, and the Alton, 
Granite & St. Louis Traction Company, 
at Alton, Illinois. 


MR. W. A. Stock, for the past three 
years with the Western Electric Com- 
pany, of Chicago, 1n their telephone en- 
gineering department, is now consult- 
ing engineer for Thomas Morris of San 
Francisco, California. 


MR. E. М. Sweitzer, of Canon City, 
Colorado, will spend two or three 
months hunting, fishing, and enjoying 
the scenery of Colorado, after which he 
expects to engage in hydroelectric work 
in the western states, 


MR. Ермах К. PEARSON has recently 
been transferred from Schenectady to 
the Pittsfield works of the General Elec- 
tric Company where he will continue to 
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have charge of the designing of large 
shell-type transformers. 


Мк. А. К. Busu, for many years dis- 
trict engineer for the General Electric 
Company in the New England district, 
has recently been made manager of the 
power and mining department, at 
Schenectady, New York. 


Мв. W. Н. SicounNEY, for the past 
three years with the Connecticut Com- 
pany, New Haven, is now attached to 
the local office of the General Electric 
Company, New Haven, Сопп., in the 
capacity of commercial engineer. 


Mr. Ковент A. SMITH, JR., is ап en- 
gineering salesman with the Atwood- 
Rearick Company, No. 30 Church street, 
the company being eastern agents for 
the Kerr Steam Turbine Company and 
the Janesville Iron Works Company. 


Mn. C. A. Scorr, formerly connected 
with the California Gas and Electric 
Corporation in the capacity of con- 
struction foreman, is now chief electri- 
cian with the Great Western Power 
Company, at their Big Bend power 
plant. 


Dartmouth College conferred on C. J. 
Н. \Уоорвову at its Commencement, 
June 24, the degree of Doctor of Sci- 
ence, this being the second time that 
he has received the same degree, the 
first being from Union College, New 
York, in 1906. 


Mr. Н. W. Torre formerly general 
superintendent and secretary of the 
Mattoon City Railway, and Mattoon 
Heat, Light and Power Co., of Mattoon, 
Illinois, 15 now general manager of the 
Cairo Electric and Traction Company 
of Cairo, Illinois. 


Мк. Јонм C. Potter, formerly in- 
structor in the electrical engineering de- 
partment of the University of Wiscon- 
sin, is now employed in the study branch 
of the traffic department of the Amer- 
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ican Telephone and Telegraph Com- 
pany, New York. 


Mr. W. W. LorsPEiCH, for two years 
electrical engineer and superintendent 
with the Light and Power Company of 
Marion, N. С., is now constructing en- 
gineer and general superintendent with 
the Piedmont Electric Company, engi- 
neers and contractors, Asheville, N. C. 


Mr. Н. B. ZIMMERMAN, sales engineer 
of the Niagara, Lockport, and Ontario 
Power Company for the last two years, 
has assumed the management of the 
Depew and Lancaster Light Power & 
Conduit Company of Lancaster, N. Y., 
having also been elected its secretary 
and treasurer. 


Мк. C. Е. Er wELL, is at present en- 
gaged in working on what are known 
as the McCarty Wireless Telephone 
patents, with a view to determining the 
feasibility of their development into a 
commercial system. This work is being 
done for the McCarty Wireless Tele- 
phone Company of Arizona. 


Mr. RoBERT B. Bonney, for twelve 
years with the Colorado Telephone 
Company, in the technical branches of 
the business, has entered the electrical 
engineering field with Captain Lewis 
M. McBride, under the firm name of 
McBride & Bonney, with offices at 303 
Jackson Block, Denver, Colorado. 


MR. ALEXANDER C. LANIER, assistant 
professor of electrical engineering in the 
University of Cincinnati, and secretary 
of the Cincinnati Section, A.I.E.E., has 
resigned from the university, and will 
spend the coming year in graduate 
study in the Graduate School of Ap- 
plied Science of Harvard University. 


Мк. F. J. ENGELHORN has been trans- 
ferred from the Atlin Consolidated Min- 
ing Company at Atlin, B. C., to a like 
position with the Yukon Gold Company, 
at Dawson, Y. T., the transfer being in 
the nature of a promotion, as the opera- 
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tions on the Yukon are оп a much more 
extensive scale than at the former place. 


Ме. \илалм L. NODELL, assistant 
instructor in mechanical drawing and 
descriptive geometry at the Polytechnic 
Institute, Brooklyn, during the past 
vear, while taking courses for the degree 
of electrical engineer, has graduated 
from that institution. His address is 
10-12 East lOSth Street, New York 
City. 


Mr. JOHN J. Frank, for ten years т 
the transformer department of the Gen- 
eral Electric Company at Schenectady, 
has been made assistant engineer in the 
transformer department of their Pitts- 
field factory, being responsible for cur- 
rent and potential transformers, high- 
voltage, core-tvpe, and testing trans- 
formers. 


MR. WiLLiAM Mayo VENABLE, for- 
merly with the Florida East Coast Rail- 
way. under whose supervision the Long 
Key Viaduct was constructed, has be- 
come connected with the Ferro Con- 
crete Construction Company of Cin- 
cinnati, and is now building Station 


“A” Southern Outfall Sewer, Louis- - 


ville, Kentucky. 


Отто HorsTEIN, until recently an 
inspector jn the telegraph and tele- 
phone department of the Panama Rail- 
road, with station at Culebra, Canal 
Zone, Panama, resigned his position 
to accept an appointment as general 
foreman, telegraph department, Cerro 
de Pasco Ry. Co., with station at Cerro 
de Pasco, Peru, S. A. 


Mr. Миллам НАМО Browne, JR., 
formerly of Baltimore, Maryland, and 
a graduate of Johns Hopkins Univer- 
sity, has been appointed professor of 
electrical engineering in the North Caro- 
lina Agricultural and Mechanical Col- 
lege, at Raleigh, N. C. Mr. Browne for 
some years has been technical editor 
of the Electrical Review. 
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Mr. JOHN 5. ScHUMAKER, until re- 
cently acting superintendent of power 
stations for the Boston Elevated Кап- 
way Company, has associated with Mr. 
joseph V. Santry, and opened an office 
at No. 141 Milk street, Boston, Mass., as 
the New England representative of va- 
rious manufacturers, representing a 
complete line of power plant equipment. 


Mr. James Н. Hessin, general man- 
ager of the Bloomington, Pontiac and 
Johet Electric Railway, and the Pontiac 
Light and Water Company, at Pontiac, 
Illinois, being compelled to give up 
business for a time on account of in- 
juries received in an accident has re- 
signed and gone to his old home in 
Huntington, Indiana, where he 1$ now 
rapidly recovering. 


Mr. Навотр W. СтАРР, for the last 
five years with the General Electric 
Company of Schenectady, part of the 
time as their New York City representa- 
tive for the railway engineering and 
traction department, has resigned from 
that company and joined the electrical 
engineering staff of the Southern Pacific 
Company, with headquarters at the 
Flood Building, San Francisco. 


Mr. A. Н. WINTER JOYNER having 
severed his connection with the Stone 
& Webster Engineering Corporation, 
has started business in Toronto, On- 
tario, under the name of Joyner-Greene. 
This firm will represent the Western 
Telephone Company, Weston Electrical 
Instrument Company, D. & W. Fuse 
Company, Helios Mfg. Со., A. & J. M 
Anderson, and other well-known United 
States manufacturers. 


Mr. А. J. MARSHALL, illuminating en- 
gineer, who has been associated re- 
spectively with the Welsbach Com- 
pany and with the Holophane Com- 
pany, 15 now connected with the Bureau 
of Illuminating Engineering of New 
York, in the capacity of chief consulting 
and designing illuminating engineer. 
The object of the Bureau is to handle 
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any and all matters pertaining to the 
use of artificial light. 


Ме. Lewis M. МеВеше, electrical en- 
gineer, and Mr. Robert B. Bonney, who 
for the past twelve years has been en- 
gaged in technical telephone and elec- 
trical work, have entered the electrical 
engineering field under the firm name 
of McBride & Bonney, with offices in 
the Jackson Block, Denver, Colorado, 
for the comlpete installation of lighting 
and power plants, and electrical and 
telephone equipment. 


Мк. D. С. Finpay, formerly resident 
engineer of the Calgary Power & Trans- 
mission Company, Calgary, Alberta, has 
become associated with С. В. Pride, 
Columbia Building, Spokane, Washing- 
ton, chief hydraulic engineer of the Chi- 
cago, Milwaukee and St. Paul Railway, 
who is preparing plans for the develop- 
ment of the St. Joseph River, Montana, 
to furnish power for the electrification 
of their new road in the West. 


Мк. B. Parks RUCKER, formerly de- 
signing and erecting engineer for the 
Westinghouse Electric and Manufac- 
turing Company, 1s now engaged in con- 
sulting engineering work, with head- 
quarters in the Trust Building, Char- 
lotte, №. C., making a specialty of elec- 
tric lighting and power equipments. 
He has planned and installed electric 
drive equipments in several cotton mills 
and other industrial plants, within the 
past year. 


Mr. Henry L. Siti, formerly en- 
gineer of the supply department of the 
General Electric Company at the Pitts- 
field Works, has undertaken commercial 
engineering work with headquarters at 
Schenectady. Mr. Smith was secretary 
of the Pittsfield Section during the past 
season, and on the occasion of his de- 
parture the Section presented him with 
а handsome portfolio, and а leather case 
of toilet articles, in. recognition of his 
active interest in the work of the Sec- 
tion. 
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Messrs. CiuaRLES D. Ма, former 
chief engineer for the Ely Townsite 
Company, Ely, Nevada; Chris J. Wal- 
bran, Jr., former manager of Dr. F. А. 
C. Perrine's Denver oflice; and Norman 
Read, engineer for the Hug Water 
Wheel Company, have associated them- 
selves under the name of Vail, Walbran 
and Read to practice a general consult- 
ing engineering business, paying par- 
ticular attention to hydroelectric de- 
velopments, water-works and irrigation 
systems. 


MR. BENJAMIN MAGNUS is now gen- 
eral manager of the Electrolytic Refin- 
ing and Smelting Company of Australia, 
Ltd., at Port Kembla, New South 
Wales, where he is building for them a 
large electrolytic copper, silver, and 
gold refinery, also a new smelter for 
copper, silver and gold ores. Mr. Маџ- 
nus expects to instal a new process of 
his own for electrolytic silver refining. 
The plant will cost over one million dol- 
lars. Mr. Magnus is consulting engineer 
for the above company т all their 
enterprises. 


Мк. W. J. САХАРА, formerly elec- 
trical engineer with the old Appleyard 
Interurban Railways of Ohio, and later 
for some years electrical inspector for 
the Ohio Inspection Bureau at Dayton, 
is now in charge of electrical matters 
for the Rocky Mountain Fire Under- 
writers. This field is a new and poorly 
inspected one, but electrical construc- 
tion 1$ gradually being brought into 
good shape with closer supervision, 
and better coöperation between the 
underwriters and the electrical interests. 


MR. Ковевт А. HaprrELp, of May- 
fair, London, England, has lately been 
created а Knight by King Edward, in 
celebration of the King's official birth- 
day. The new Knight is a distinguished 
metallurgist, the inventor of manganese 
stecl, and the head of a large firm of 
armor plate manufacturers in Leeds. 
His professional papers have won sev- 
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eral medals, and he has been elected to 
many scientific societies. Sir. Robert 
is a Member of the American Institute 
of Electrical Engineers. 


Мк. К. С. BEaRbsLEY, of Warren, 
Ohio, is building three hydroelectric 
power plants for the Peerless Electric 
Company of that place. The output 
of 1,000 kw. will be sold in Warren and 
nearby towns. АП the plants are 
built of reinforced concrete throughout. 
There are three 300-k w., 60-cycle, 2,200- 
volt, three-phase generators running at 
300 rev. per min. The voltage is raised 
to 22,000 for transmission. The plants 
are provided with waste gates and suth- 
cient. turbines installed to provide for 
back water. With one exception, the 
dams are of the Beardsley Gravity type 
and have movable crests. The other 
dam is a reinforced concrete dam of the 
bow type and built with flash boards 
and an expansion joint at the base, so as 
to prevent any cantilever action. 


Marseilles Electrical Congress 


In connection with the International 
Exhibition of the Applications of Elec- 
tricity now open at Marseilles, France, 
there will be held, September 14 to 21, 
1908, an International Congress of the 
Applications of Electricity. 

Members of the Institute who expect 
to attend the congress are requested to 
notify the secretary immediately, so 
that a list of Institute members who 
expect to be present may be forwarded 
to the officials of the congress. 

The Institute has been invited to ap- 
point delegates to the congress, and Mr. 
C. О. Mailloux has been appointed 
chairman of the Institute delegation. 


Books Received 


The following volumes have been re- 
ceived and placed in the Library of the 
Institute: 


Rapio-Activity. Ву Fredk. Soddy, 
М.А. 214 pages, Illustrated. Eng- 
land: ''The Electrician" Printing 
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and Publishing Company, Ltd. 


1904. 


CoNrENTs.— Chapter I.— Radiation. Phenom- 
cna. II.— The Radio Active Elements— Uranium 


Thorium. Radium, Polonium and Actinium. 
II].— The Electrical Properties of Gases. IV.— 
Methods of Measuring Radio- Activity. У. -- 


The а. 9 and y- Rays. VI.—Uranium X and 
Thorium X. VII.—The Radio-Active Emanation 
of Thorium. VIII.—The Theory of Atomic 
Disintegration. IX.—The Radio- Active Proper- 
ties of Radium. X.—The Material Properties of 
the Radium Emanation and Its Transmutation 
Into Helium. XI.—The Energy of Radio-Active 
Change. XII.-- Anticipations. 


А B С or тие TELEPHONE. By James 
E. Homans, А.М. 346 pages. llus- 
trated. New York: Theo. Audel & 
Co. Price, $1.00. 

СнаргЕек Г. The Telephone Apparatus. and 
Its Operation. 1. А brief Survey of the Theory 
of Sound, Necessary to an Understanding of the 
111.—А Brief Survey of the Princi- 
IV.—Electrical Quantities. 
VI.— 
Later Modifications of the Magnet Telephone. 
У11.—Тће 
VIII.—The Circuits of а Telephone Apparatus. 
IX.—The Switch Hook and Its Function in the 
X.—The Switchboard 
and the Appliances of the Central Station, X1.— 
The Operator's Switch Keys and Telephone Set. 
Switchboard Attachments. 
XIII.—Switchboard Lamp Signals and Circuits. 
XIV.—The Multiple Switchboard. XV.— 
Local Interconnected or Multiple Trans- 
fer Switchboard. XVI.-- Exchange 

XVII.—Party Lines and Selective 
XVIII.— Private Telephone Lines and 
Intercommunicating Systems; Common Return 
XIX.—Private Telephone Lines and 
Full Metallic Cir- 
XX.—Large Private Systems and Auto- 


Telephone. 
ples of Electricity. 
V.—History of the Speaking Telephone. 
Transmitter. 


Carbon Microphone 


Telephone. Apparatus. 


XII.—Improved 


Battery 
Systems. 


Signals. 


Circuits. 
Intercommunicating Circuits; 
cuits. 
matic Exchanges. XXI.—Devices for Protecting 
Telephone Apparatus from Electrical Distur- 
XXII.—The General Conditions of 
XXIII.—Tele- 
phone Pole Lines. X XIV.—Wirc Transpositions 
on a Pole Line. XXV.—Telephone Cables and 
Their Use in Underground and Pole Lines. 
XXVI.—Circuit Balancing Devices, XXVII.— 
XXNXVIII.—Wireless Tele- 
XXIX.—Useful Definitions and Hints 


on Telephone Management. 


bances. 


Telephone Line Construction. 


The Microtele phone. 


phon y. 
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Sections and Branches-— Directory. 

Name and when Organized. Chairman. Secretary. Regular Meeting. 

SBCTIONS. 
Atlanta............Jan. 19, '04 | J. H. Finney. G. J. Yundt. Ist Tuesday. 
Baltimore......... Dec. 16, '04 | J. B. Whitehead. C. G. Edwards. 2d Friday. 
Boston............Feb. 13, '03 | А. E. Kennelly. A. L Pearson. 3d Wednesday 
Chicago........ $5.2, 1893 | H. R. King. J. G. Wray. Ist Tuesday after 

М. Y. meeting. 
Cincinnati.........Dec. 17, '02 | А. С. Wessling. A. С. Lanier. 3d Wednesday. 
Cleveland.........Sept. 27, ‘07 | Henry B. Dates. В. М. Hibben. За Мопдау. 
Columbus......... Dec. 20, '03 | R. J. Feather. H. L. Bachman. Ist Wednesday. 
Fort Wayne....... June 12,’08 | Е. A. Wagner. M. J. Kehoe. 
Ithaca............ Oct. 15, '02 | E. L. Nichols. H. H. Norris. Ist Friday after 
М. Y. meeting. 
Los Angeles. .......May 19, '08 
Mexico........... Dec. 13, '07 | В. Е. Hayward. В. D. Nims. 
Minnesota.......... Apr. 7, '02 | Е. H. Scofield. A. L. Abbott. га Monday after 
М. Y meeting. 

Norfolk. .......... Mar. 13, ‘08 | В. R. Grant. Р. W. Walter. 
Philadelphia....... Feb. 18, '03 | Paul Spencer. H. F. Sanville. 2d Monday. 
Pittsburg.......... Oct. 13, '02 | C. E. Skinner. R. A. L. Snyder. 156 Wednesday. 
Pittsfield.......... Mar. 25, '04 | J. 1nsull. H. L. Smith. 3d Friday. 
San Francisco......Dec. 23, '04 | A. M. Hunt. G. R. Murphy. 4th Friday. 


Schenectady....... Jan. 26, '03 
Seattle............ Jan. 19, '04 
St. Louls.......... Jan. 14, '03 
Toledo............ June 3, '07 


Teronto..........Sept. 30, '03 
Urbana....... ....Моу. 25, '02 


Washington, D. C..Apr. 9, '03. | 


р. В. Кизћтоге. 


J. Н. Harisberger. 


А. S. Langsdorf. 
C. R. McKay. 
W. A. Bucke. 
J. M. Bryant. 


Philander Betts. 


J. M. Knox. 
George H. Moore. 
H. I. Finch. 
Geo. E. Kirk. 

W. G. Chace. 

E. B. Paine. 


L. D. Bliss. 


Every Friday. 

3d Saturday. 

2d Wednesday 

Ist Friday. 

2d Friday. 

Ist Wednesday afte: 


N.Y. meeting. 


2d Wednesday. 
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Sections and Branches- Directory. 


Name and when Organized. 


BRANCHES. 


Univ. of Arkansas.. Mar. 25, '04 


Armour institute... Feb. 26, '04 


Univ. of Cincinnati.. Арг. 10, 


Univ. of Colorado. .Dec. 16, 


lowa State College. Арг. 15, 
Kansas State Agr. Col., Jan. 


Univ. of Kansas.... 
Lehigh University.. 
Lewis Institute. ... 

Univ. of Maine . 


Univ. of Michigan.. 


Univ. of Missouri. 
Univ. of Montana. 
Montana Agr. Col. 
Univ. of Nebraska. 


Ohio State Univ.... 


Mar. 


Oct. 


Nov. 
... Dec. 
Mar. 


. Jan. 
. May 
.May 


.Apr. 


Dec. 


18, 


15, 


20, ' 


Oregon State Agr. Col., Mar. 


Penn. State College. Dec. 


Purdue University.. 


Stanford Univ...... 


Syracuse Univ..... 
Univ, of Texas.... 
State Col. of Wash.. 


Washington Univ.. 


Jan. 


. Feb. 


Dec. 


Feb. 


Univ, of Wisconsin .Oct. 


20, 


26, 


. 13, 


. 24, 


14, 


13, 


26, 


15, 


'08 
'04 


'03 


10, 
'08 


'08 
оз 


`07 


T '06 


‘04 


. '03 


'07 
'07 


'03 
'07 


'05 


'08 


'07 


'04 


'02 


Chairman. 


M. В. Thompson. 


T. C. Oehne, Jr. 
C. В. Wylie. 
IT. Н. Watters. 


F. A. Fish. 
W. L. Enfield. 


Martin E. Rice. 
H. O. Stephens. 
W. Н. Hayes. 


C. M. Davis. 


H. B. Shaw. 
Robert Sibley. 
В. S. Hind. 


George H. Morse. 


F. W. Funk. 


E. V. Hawley. 


D. R. Simpson. 
J. W. Esterline. 
W. C. North. 


W. P. Graham. 


A. C. Scott. 


H. V. Carpenter. 


C. M. Duncan. 


O. H. Ensign. 


Worcester Poly. Inst. Mar. 25, '04 | L. W. Hitchcock 


Secretary. 


C. R. Rhodes. 
J. E. Snow. 

C. C. Buchanan. 
L. D. Jones. 


Adolph Shane. 
Kirk H. Logan. 


H. P. Broderson. 


J. A. Clarke, Jr. 


P. B. Woodworth. 


Gustav Wittig. 


H. F. Baxter. 


H. D. Carpenter. 
S. R. Inch. 

J. А. Thaler. 

L. E. Hurtz. 


F. C. Caldwell. 


E. C. Wiggin. 


C. D. Preston. 
H. T. Plumb. 
A. J. Gowan. 


К. A. Porter. 


B. F. Kenyon. 


M. K. Akers. 


W. E. Beatty. 


J. W. Shuster. 


W. D. Stearns. 


Regular Meeting. 


Alternate Mondays. 


Ist & 3d Thursdays. 


Ist and 3d Wednes- 
days. 


15 and 3d Wednes- 
days. 


Alternate Thursdays 
2d Tuesday. 


2d Wednesday. 


Ist and 3d Wednes- 
days. 


Ist and 3d Frida s. 
Ist Thursday. 


Ist Friday. 


Alternate Wednes- 
days. 


Every Wednesday 


Every Tuesday. 


Ist and За Thurs- 
days. 


2d and 4th Fridays. 
3d Tuesday. 


2d and 4th Wednes- 
days. 

Every Thursday. 

[К Thursday 
(Public Meeting.) 


Alternate Fridays. 
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Section and Branch Secretaries. 


AMES, IOWA.—ADOLPH SHANE, 
lowa State College. 


ANN ARBOR, MICH.—H. F. BAXTER, 
556 S. State St. 


ATLANTA, GA.—G. J. YUNDT, 
Southern Bell Tel. & Tel. Co. 


AUSTIN, TEXAS.—B. F. KENYON, 
University of Texas 


BALTIMORE, MD.—CHAS. G. EDWARDS, 
Electrical Commission, City Hall 


BETHLEHEM, PA.—J. A. CLARKE, Jr., 
Lehigh University. 


BOSTON, МА$$.—А. L. PEARSON, 
93 Federal St. 


BOULDER, COLO.—H. S. BUCHANAN, 
University of Colorado. 


BOZEMAN, MONT.—J. A. THALER, 
Montana Agricultural College. 


CHICAGO, ILL.—J. Е. SNOW, 
Armour Inst. of Technology. 


CHICAGO, ILL.—P. В. WOODWORTH, 
Lewis Institute. 


CHICAGO, ILL.—J. С. WRAY, 
Chicago Telephone Co. 


CINCINNATI, О.—А. C. LANIER, 
University of Cincinnati. 


CINCINNATI, О.—С. С. BUCHANAN, 
University of Cincinnati. 


CLEVELAND, О.—Е. M. HIBBEN, 
10207 Wilbur Avenue. 


COLUMBIA, MO.—H. D. CARPENTER, 
University of Missouri. 
COLUMBUS, О.—Е. C. CALDWELL, 
Ohio State University. 
COLUMBUS, О.—Н. L. BACHMAN 
533 South 3d St 
CORVALLIS, ORE.—E. C. WRIGHT, 
Oregon Agr. College. 


FAYETTEVILLE, ARK.—C. К. RHODES, 
University of Arkansas. 


ITHACA, М. Ү.—Н. Н. NORRIS, 
Franklin Hall, Cornell University. 


LAFAYETTE, IND.—H. T. PLUMB, 
Electrical Eng. Dept., Purdue University 


LAWRENCE, KAN.—H. P. BRODERSON, 
University of Kansas. 


LINCOLN, NEB.—L. E. HURTZ. 
Lincoln Tel. Co. 


MADISON, WIS.—J. W. SHUSTER, 
University of Wisconsin. 


MANHATTAN, KAN.—KIRK H. LOGAN, 
Kansas State Agr. College. 


CITY OF MEXICO.—F. D. NIMS, 
Mexican Light & Power Co. 


MISSOULA, MONT.—S. R. INCH, 
Univ. of Montana. 


NORFOLK, VA.—F. W. WALTER, 
National Bank of Commerce. 


ORONO, MAINE,—GUSTAV WITTIG, 
University of Maine. 


PENN. STATE COLLEGE,PA.—C. D. PRESTON, 
Penn. State College. 


РИШАВЕЕРИА,. Жу; —Н. В. SANVILLE, 
2 North American Building. 


PITTSBURG, eae A. L. SNYDER, 
1332 Fulton Building. 


PITTSFIELD, MASS.—H. L. ИЕ 
Stanley-G. I T hire. Mfg. Co. 


PULLMAN, WASH.—M. K. AKERS, 
State College of Washington. 


ST. LOUIS, MO.—C. M. DUNCAN, 
Washington University. 


ST. LOUIS, MO.—H. I. FINCH, 
5217 Morgan Street. 


ST. PAUL, MINN.—A. L. AD |. 
65 E. 4th St. 


SAN FRANCISCO, CAL.—G. R. MURPHY, 
11 Hawthorne St., San Francisco. 


SCHENECTADY, N. Y —J. MASON KNOX, 
General Electric Co. 


SEATTLE, WASH. FORORO H. MOORE. 
1726 Harvard Ave. 


STANFORD UNIVERSITY.—A. J. GOWAN, 
Leland Stanford, Jr., University. 


SYRACUSE, N. Y.—R. A. PORTER, 
Syracuse University. 


TOLEDO, OHIO.—GEO. E. KIRK, 
The Nicholas. 


TORONTO, ONT.—W. G. CHACE 
551 Confederation P Life Building. 


URBANA, ILL.—ELLERY B. PAINE, 
University of Illinois. 


WASHINGTON, D. C.—PHILANDER BETTS, 
Metropolitan Bank Bldg. 


WORCESTER MASS.—S. W. FARNSWORTH, 
Worcester Poly. Inst. 


Local Honorary Secretaries. 


JAMES S. FITZMAURICE, 
210 George St., Sydney, N. S. W. 


H. F. PARSHALL, 
Salisbury House, London Wall E. C., London. 
ROBERT B. OWENS, 
McGill University, Montreal, P. Q. 


WILLIAM B. HALE, 
1а Independencia No. 6, City of Mexico 


CLARE F. BEAMES, 


for Porto Rico and West Indies, 
San Juan, P. R. 


W. С. T. GOODMAN, 
Adelaide, South Australia. 


ROBERT J. SCOTT, 
Christ Church, New Zealand. 
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Transactions for 1907 
OLUME XXVI of the TRANSACTIONS 
for 1907, aggregating 1836 pages, has 

been received from the bindery and will 
shortly be distributed among the Mem- 
bers and Associates that have paid their 
dues to May 1, 1908. Members and As- 
sociates in arrears for the time covered 
by these TRANSACTIONS are, in accord- 
ance with the Institute By-Laws, not 
entitled to receive this volume. Volume 
X XVI consists of two parts, designated 
respectively Part I and Part II. Part I, 
consisting of 936 pages, contains the 
papers and discussions from January 1 
to May 31, 1907, and the report of the 
Board of Directors for the fiscal year 
ending April 30, 1907. Part II, consist- 
ing of 900 pages, contains the papers 


EDITORIAL 1 


and discussions from June 1 to Decem- 
ber 31, 1907, and the Standardization 
Rules approved by the Board of Direc- 
tors on June 21, 1907. The Transac- 
TIONS for 1906 were contained in one 
volume consisting of 952 pages; the 
1836 pages of Volume XXVI indicate, 
therefore, an increase of almost 90% 
in the amount of TRANSACTIONS ever 
those of the preceding year. 


Institute Committees 


A! the meeting of the Board of Di- 

rectors held August 14, 190%, 
President Ferguson announced his ap- 
pointment of committees for the cur- 
rent administrative year expiring July 
31, 1909. The selection of members to 
serve on these cominittees is a matter 
of vital importance to the welfare of 
the Institute, as the value of its work 
depends upon their activity and judg- 
ment. The president expects to avail 
himself of the constitutional privilege 
of enlarging some of the more active 
committees by the appointment of aux- 
Шагу members as conditions may de- 
mand. А list of the committees as they 
now stand appears in thisissue. Those 
which have not yet been appointed will 
be printed later. 


Literary Thieves 


T? ERE seems to be no practical safe- 

guard against the loss of books and 
periodicals from libraries which are open 
to the public, or even where the visitors 
are carefully restricted as, for instance, 
in a club library. In one prominent 
club in New York a list 13 posted 
of twelve different magazines perma- 
пет у “ borrowed '' during one month. 
The loss of periodicals or modern books 
is not usually regarded as serious, but 
even these cannot always be replaced. 
А copy of London Engineering, dated 
November 27, 1907, has been stolen 
from each of the files of the American 
Institute of Electrical. Engineers, and 
of the American Society of Mechanical 
Engineers, both located in the Engi- 
neers’ Library. This particular issue is 
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out of print, and efforts to replace the 
stolen copies have been futile. Copies 
of each of two recently published engi- 
neers' handbooks have been stolen from 
the same library. Public libraries 
throughout the country in many cases 
lose over 1000 volumes annually. А 
theory exists that it is better to lose a 
small percentage of books than place 
objectionable restrictions upon their 
accessibility. It is an exceedingly dith- 
cult matter to guard against this evil 
practice, as proof of guilt is not readily 
obtainable. 


Historic Collection 


An interesting relic of the earlier days 
of the telegraph has been received from 
Mr. Oscar T. D. Brandt, of Tacoma, 
Washington. It isa‘ hook ” insulator, 
which was recently removed from an 
old cedar pole in the woods during the 
clearing of a right of way for a telephone 
line to Seattle. Early in the sixties, 
when the uprisings of the Indians in 
the extreme West were frequent and 
serious, the government found it neces- 
sary to dispatch troops to Seattle. To 
facilitate their movements a military 
road was constructed between Seattle 
and a town called Slaughter, so named 
from a great massacre which occurred 
there, now known as Auburn. Along 
this road a telegraph line was built, 
and insulators of this type were used. 
Scarcely a vestige of the old telegraph 
line remains to-day, except a few of 
the split cedar poles still. standing. 
Notwithstanding its age and years of 
exposure to the elements, the insulator 
is in a remarkably good state of preser- 
vation, the wooden portion being per- 
fectly sound, and the iron hook and 
spikes in excellent condition, though 
slightly corroded. It consists of a sim- 
ple block of wood in which an iron hook 
very much like a double-pointed clothes- 
hook has been sunk. The hook retains 
portions of the insulating material, 
which appears to be hard rubber. 
Three iron spikes were used to fasten 
the insulator to the pole. 
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Applications for Election 


Applications have been received by 
the secretary from the following can- 
didates for election to the Institute as 
Associates; these applications will be 
considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting 
to the election of any of these can- 
didates should so inform the secretary 
before September 11, 1908. 

7795 Taber, E. R., Jr., Mountain Creek, 
Ala. 

7796 Bates, C. W., New Haven, Conn. 

7797 Hoar, F. E., Oakland, Cal. 

7798 Murray, H. H., Alberto Torres 
Est. de Rio, South America. 


7799 Tellington, Jesse James, Berlin, 
N. H. 

7800 Wilson, H. C., Kingston, Jamaica, 
B. W. I. 


7801 Gleason, F. J., Walpole, Mass. 

7802 Evers, C. H., Birmingham, Ala. 

1803 Glennie, F. I., Mexico D. F., Mex. 

7804 Van Horne, J. S., New York City. 

7805 Zeigler, Guy, East Orange, N. ]. 

7806 Payne, Louis, Covington, Va. 

7807 Newby, J. H., Melbourne, Vic- 
toria, Australia. 

7808 Neiswanger, E. B., Colorado 
Springs, Colo. 

7509 Clarke, A., Folsom, W. Va. 

7810 Clements, О. $., Colon, Panama. 

14811 Stone, Ernest Frank, Norfolk, Va. 


Applications for Transfer 


Recommended for transfer by the 
Board of Examiners, July 30, 1908. 
Anv objection to these transfers 
should be filed at once with the sec- 
retary. 

EpwWaRD BELDEN MERRILL, Chief As- 
sistant Engineer, Winnipeg Power De- 
partment, Winnipeg, Canada. 

WiLLtAM NoBLE Dickinson, JR., Man- 
ager Foreign Department, Otis Ele- 
vator Company, 17 Battery Place, 
New York City. 

Јонх Кхомттох Ковіхѕох, Electrical 
Engineer апа Agent, Westinghouse 
Electric and Mfg. Company, 116 
Broad St., New York, and Iquique, 
Chili, South. America. 
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Professor Anthony at Cornell’ 
BY E. L. NICHOLS 


Professor Willam A. Anthony was 
graduated at the Sheffield Scientific 
School (Yale) with the class of 1860. 
He taught school in New England for 
a time, then served for several years as 
a professor at Antioch College in Ohio 
and later at the Iowa State College. In 
1872 he was called to the Chair of Phy- 
sics at Cornell. 

At that time the Department of Phy- 

sics shared with Chemistry a large 
wooden building which has long since 
disappeared from the Campus; but 
McGraw Hall was nearing completion 
and a lecture room in the south wing 
of that building had been assigned to 
Physics. During the Christmas vaca- 
tion what little equipment for the illus- 
tration of this subject then existed was 
moved into the new quarters. There 
was no provision for laboratory work 
and for some time the space under the 
lecture-room seats and the lecture room 
itself had to be used as a laboratory. 
This was found to be inadequate, even 
for the few students in the subject, and 
two or three rooms in Morrill Hall were 
also temporarily used for physical lab- 
oratory work. In these cramped quar- 
ters the department lived for eleven 
years. 
When William A. Anthony one day 
in the winter of 1872-73 stood for the 
first time before a Physics class at Cor- 
nell, something very like a miracle took 
place. To the undergraduate, Physics 
had thus far been a mere dead name in 
the list of studies: the moment he 
opened his mouth it became a live thing. 
To many of his pupils of those early days 
the recollection of Professor Anthony's 
lectures and demonstrations 1s among 
the most vivid and vital of all their 
college experience. 

It is hard to realize the changes that 
have occurred since Professor Anthony 
began his work at Cornell. Imagine 
an industrial civilization without dyna- 
mos or motors, storage batteries, electric 


* Reprinted from The Sibley Journal ој Engi- 
neering, April, 1908. 


lights, trolley cars, telephones, or the 
wireless telegraph; think of physics 
without the diffraction grating of Row- 
land, the interferometer of Michelson, 
or the bolometer of Langley. The 
liquefaction of the permanent gases 
was still unattained. X-rays and radio- 
activity were yet not even a subject 
for dreams. 

Many applications of Physics and es- 
pecmlly of electricity to industrial life 
were, however, in process of develop- 
ment during these years, and Professor 
Anthony, impelled by the passion to 
try things out for one's self in a prac- 
tical way which characterizes the ex- 
perimental physicist, rapidly gathered 
together a unique equipment. In these 
labors he was fortunate in the skilful 
and ingenious coóperation of one of his 
pupils, G. S. Moler, now professor in the 
Department of Physics, whose name is 
inseparably associated with all of this 
pioneer work. 

In 1875, Gramme brought out in 
Paris his form of dynamo machine, and 
no sooner had the description of it 
reached this country than Anthony and 
Moler undertook to build one. They 
made their own design, based upon 
Gramme's principle but adapted to the 
special uses of the laboratory, and long 
before the first imported dynamos 
reached America this machine was suc- 
cessfully completed and in operation. 
With it, before the close of the year, 
arc lamps were installed on the campus 
and were put into regular service; and 
thus it came about that inhabitants of 
remote farms among the hills of Central 
New York saw the are light shine out 
night after years before the introduction 
of this means of illumination in Paris, 
London, Berlin, New York or any of 
the great cities of the world. The wiring 
of this lighting system is of consider- 
able historical. importance. Under- 
ground cables were constructed of gas 
piping through which copper wires were 
drawn. These wires were so thoroughly 
insulated by means of a composition of 
tallow pumped into the pipes that when 
tested after having been buried more 
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than twenty years they were found to 
be still in excellent condition. 

This Gramme machine, which served 
to light the campus by night, was used 
in a variety of other work during the 
day time. Lanterns for lecture room 
use were at that period supplied with 
the limelight for which oxygen and 
hydrogen gas had to be prepared by 
chemical means. Professors Anthony 
and Moler substituted an apparatus for 
the electrolytic generation of these gases. 
Зо far as I know it was the first of its 
kind. This generator for many years 
supplied oxygen and hydrogen for lan- 
terns and for use in the various depart- 
ments of the University. 

The Gramme machine constructed in 
1875, and which made these and many 
other interesting things possible, was 
exhibited at the Centennial Exhibition 
in 1876 where it attracted much atten- 
tion as the first example of American 
dynamo construction, at the Electrical 
Exhibition of the Franklin Institute 
in 1884, at the Pan-American Exhibi- 
tion and at the World’s Fair in St. Louis 
in 1904. At the Centennial it was а 
novelty, at St. Louis, an historical ex- 
hibit, the importance of which was 
recognized by the awarding of silver 
medals to the constructors. Now after 
a third of a century, during which time 
it has been in constant use, this inter- 
esting machine is still in daily service as 
a motor and furnishes power to the stu- 
dent's shop in Rockefeller Hall. Many 
more modern machines have since come 
and gone to the scrap heap, but this one 
still survives and during its long life has 
never needed repairs which could not 
be readily done in the workshop of the 
department. 

In the early 80's Professor Anthony, 
who was always warmly interested in 
the practical applications of Physics, 
began to urge the establishment of a 
special course for electrical students. 
The result was the announcement of 
the course in Electrical Engineering in 
Sibley College at a time when no such 
courses were given either in Europeor 
America. Cornell's example was, how- 
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ever, speedily followed, and, within the 
next few years, similar courses were an- 
nounced by nearly all the technical 
schools of the country. In the mean- 
time plans were being drawn for a new 
physical laboratory and in 1885 Frank- 
lin Hall was built. It was not, however 
thought necessary to provide an entire 
building for the work in Physics and 
Electrical Engineering. Lecture room 
accommodations for 150 and a labora- 
tory for 80 students were thought to be 
ample even for the distant future. The 
new building was accordingly about 
equally divided between the depart- 
ments of Chemistry and of Physics, and 
the latter department was expected, in 
the space allotted to it, to atford facili- 
ties for the electrical work of the engi- 
neers. 

As an important feature of the new 
work in electricity, Professor Anthony 
planned during the years 1884-86 an 
elaborate and complete equipment for 
absolute measurements in electricity 
and magnetism. For this purpose an 
isolated building, in the construction 
of which iron was scrupulously avoided, 
was erected to the west of the then ex- 
isting buildings of Sibley College. In 
this structure, which was popularly 
known as the '' copper house," the in- 
struments were mounted; among othersa 
tangent galvanometer* for the measure- 
ment of heavy currents which far ex- 
ceeded in size and accuracy of construc- 
tion anything attempted before orsince. 
This plant, although admirably de- 
signed for its purpose, was unfortu- 
nately very short-lived. The rapid 
growth of Sibley College compelled the 
construction of buildings containing 
large amounts of iron and of moving 
machinery in the immediate neighbor- 
hood of the copper house, whereby the 
constancy of the magnetic field upon 
which it entirely depended was greatly 
interfered with. The extension of the 
electric railway across the campus com- 
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*''The Great Tangent Galvanometer of the 
Cornell University," by Wm. A. Апоопу, 
Transactions А. I, E. E. Vol. IIl, p. 67. [Out 
of print.) 
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pleted the demoralization of the earth's 
magnetic forces and compelled the 
abandonment altogether of an equip- 
ment upon which several thousand dol- 
lars and several years of time had been 
expended. 

During the first few years after the 
announcement of courses in instruction 
for Electrical Engineers the number of 
students was comparatively small and 
Professor Anthony was able to give 
personally the entire instruction offered 
in electrical subjects. Quality, in the 
student body, seems, however, to have 
compensated for lack of quantity for 
we find among the handful of students 
of that period the names of Ernest 
Merritt, Harris J. Ryan, J. G. White, 
and Benjamin W. Snow. 

In 1887, too soon to reap the fruits of 
his years of labor, Professor Anthony 
resigned his professorship at Cornell to 
enter upon the practice of the profession 
of electrical engineering. Love of teach- 
ing, however, was too strong for him 
and after five years of industrial work 
he returned to the calling to which he 
had devoted the best vears of his early 
hfe. As professor of Physics and Applied 
Electricity in the Schools of the Cooper 
Union in New York he has again demon- 
strated his remarkable powers as a 
teacher and organizer and has built up 
a great department for the practical in- 
struction of artisans in the fundamental 
science upon which all engineering is 
based. 


New York Railroad Club 


The next meeting of the New York 
Railroad Club will be held on the third 
Fnday of September, 1908. Mr. В. 
Emerson, assistant engineer of methods, 
The Atchison, Topeka and Santa Fe 
Railway system of Topeka, Kansas, 
will read a paper entitled, ' Handling 
Locomotive Supplies: Value of Proper 
Handling of Supplies, Supply Costs 
and Accounting, Design of Items of 
Engine Equipments, Methods of Hand- 
ling Supplies and Equipments, Re- 
sults.” 


Closing Session of the Twenty- 
fifth Annual Convention of 
the American Institute 
of Electrical Engineers, 
Atlantic City, N. J., 
June2925July 2,1908 


PRESIDENT Stott: I think at no con- 
vention [ can recall within the last five 
or six years have we had sucha pleasant 
time as we have had here. 

There is one other matter I wish to 
bring to your attention at this time, 
as the period of the present administra- 
tion approaches a close. We established 
the custom last year that the chairman 
of the Meetings and Papers Committee 
should resign immediately after the 
convention in order to enable his suc- 
cessor to be appointed and take hold 
of the work in preparation for the en- 
suing year. In accordance with this 
custom, Mr. Thomas has resigned to-day 
and at President Ferguson’s request 1 
have great pleasure in appointing Mr. 
A. H. Armstrong chairman of the 
Meetings and Papers Committee for 
the ensuing year. I feel sure he will 
have your hearty coóperation in his 
work for the coming vear. 

А. F. Ganz: I wish to offer a vote of 
thanks to Mr. Thomas, as the retiring 
chairman of the Meetings апа Papers 
Committee, for the excellent work that 
he has done for us. The membership is 
indebted to him for having provided a 
very fine set of papers at the convention, 
and especially in having had nearly all 
of these papers published in the Pro- 
CEEDINGS severa] weeks before the con- 
vention. 

The motion was seconded by Dr. 
Steinmetz and unanimously carried.] 

PRESIDENT STOTT: I wish to say one 
or two words in regard to the work of 
the committees. Without any invidious 
comparison in regard to the work of the 
various Institute committees, unques- 
tionably the work of the Meetings and 
Papers Committee is the most impor- 
tant one of all. No one realizes, unless 
he has been through it, just how 
much work it means. The chairman of 
the Meetings and Papers Committee 
not only arranges for the papers them- 
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selves, but also arranges for the dis- 
cussions. [t has been found, as the re- 
sult of several years' experience, that 
unless there are prepared discussions by 
two or three members of the Institute, 
that the discussion of the papers may 
not be satisfactory; in other words, it is 
advisable to start the discussion in the 
right direction, and then open the sub- 
ject for general discussion. This prac- 
tice has been followed most successfully 
during Mr. Thomas's term. The success 
of the meetings during the last year is 
due almost entirely to his etforts. 

I want to say, however, a few words 
about the other committees. The Sec- 
tions Committee under Mr. Spencer has 
also contributed very largely to the 
success of the Institute during the past 
year. The work of this committee has 
become so onerous that we hope we 
shall be able to relieve the chairman 
somewhat in the coming year, in accord- 
ance with President-elect Ferguson's 
wishes, by the appointment of a special 
assistant to the secretary, whose duty 
will be to look after the Sections under 
the guidance of the chairman of the 
Sections Committee. А committee of 
which you hear very little, and whose 
work is of a thankless order, is the 
Board of Examiners. They are doing 
a great work for the Institute. They re- 
ceive all applications for membership 
and pass on them, and also receive all 
applications for transter from the grade 
of Associate to that of Member. Their 
work has been very effective, and we 
are also deeply indebted to them, as 
the standing of the members of this 
Institute is largely under their control. 

The next important committee is 
probably the Finance Committee, whose 
work is also of such a character that 
our members do not see or hear much 
about it. They have to approve all the 
bills, pav-rolls, etc., and everything of 
that character in. connection with the 
Institute work. Generally this commit- 
tee directs the financial policy of the 
Institute. This entails very frequent 
meetings in New York, to go over these 
accounts. A great deal of most care- 
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ful and painstaking work 15 done Бу 
the committee. The Editing Committee 
is also highly commendable for the care- 
ful and painstaking work which they do. 

I have had some experience in the 
management of the atfairs of some 
other societies and associations, and I 
believe that the great secret of the suc- 
cess of the American Institute of Elec- 
trical Engineers lies in the enthusiastic 
work of its committees. No paid official 
will do the work with the enthusiasm 
that is now shown by all of our volun- 
tary committees. In my opinion that 
is the secret of the success of the Amer- 
ican Institute of Electrical Engineers, 
and I hope that policy will always be 
continued. 

PRESIDENT Stott: We have with us 
a gentleman who wishes to say a few 
words on the subject of forest preserva- 
tion. 

Joun Н. Finney: I won't take very 
much of your time. We have been talk- 
ing so much about education at this 
convention that it is surprising we have 
not touched on one very large job of 
education that ought to be tackled. A 
distinguished citizen of the United 
States, who has a high position, the 
Speaker of the House of Representa- 
tives, said not long ago that “if you 
get a prain of wheat out of a bushel of 
chaff from the scientists, and alleged 
scientists, who are talking of the con- 
servation idea, it would be a good thing 
for the country." We might attempt 
some political education. 

As President Stott said yesterday, 
this conservation movement ought to 
have as its leaders the engineers. It is 
a fact that the resolutions presented by 
the engincers at the Washington Con- 
ference were practically adopted as a 
whole. However much we may bc in 
sympathy with the work of the Con- 
ference, our svmpathies are not ef- 
fective until. we exert them. In my 
opinion. every Section. chairman and 
every Section secretary ought to go 
back home and talk the conservation 
idea. ‘Тре President of the United 
States has appointed.a great Conserva- 
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tion Commission to investigate and re- 
port on soils, waters, ores, and forests, 
and they are to coóperate with State 
Commissions which are being appointed 
by the Governors of the several states; 
for after all it 1$ the work which the 
states must do that is going to count 
most largely in this conservation idea. 
I think the members of this Institute 
can do a great deal in bringing about 
the prevention of waste of our natural 
resources. It is work that must be 
done locally, and I want to urge that 
the Institute members in the various 
states get behind this movement—or 
rather, not to get behind it but to lead 
it. It is work that is worthy of the very 
best efforts of everybody connected 
with the Institute and will reflect credit 
on them in large measure. 

Evinu Тномѕом: I have a resolution 
which I would like to offer. It is as 
follows: 

Resolved, That it is the sense of the 
members of the Institute that the joint 
action taken by the presidents of the 
national engineering societies at the 
recent Conference held in Washington 
in response to a call by the President of 
the United States, concerning the con- 
servation of our natural resources, is 
worthy of the highest commendation 
and an important indication of the pos- 
sible influence of these organizations 
upon the future of our national policies. 
It is to be noticed that the recom- 
mendations submitted by the four pres- 
idents of the engineering societies were 
adopted practically in entirety as the 
" Declaration of the Governors.” 

We especially appreciate and com- 
mend the very active part taken by 
President Stott, both in bringing about 
the concerted action by the engineering 
societies, and also for his personal effort 
in conjunction with the other presidents 
in the successful and forceful presenta- 
tion of the fundamental part that engi- 
neering must have in the accomplish- 
ment of the objects for which the Con- 
ference was called. 

Ws. McCLELLAN: The seconding of 
such a series of resolutions is a mere for- 


mality, because it is well known how 
all engineers feel about it, but it may 
be well to rehearse and emphasize a few 
facts in connection with the Conference 
at Washington. 

You probably recall that President 
Roosevelt some time ago asked for a 
Conference of representatives from va- 
rious parts of the United States, which 
has been popularly called the '' Confer- 
ence of the Governors." Among those 
invited were the presidents of the four 
national engineering societies— mining 
engineers, civil engineers, electrical en- 
gineers, and mechanical engineers. The 
Conference was' to consider that great 
question of what we shall do towards 
proper conservation of our natural re- 
sources. The presidents of the four 
national engineering societies were in- 
vited by President Roosevelt to attend 
the Conference. | 

President Stott immediately started 
to work, at a time when his health 
was not of the best, to bring the 
four presidents together to discuss 
some means of concerted action. It 
was decided that the influence of the 
engineering societies of the country 
could be made of the most importance 
by preparing a series of recommenda- 
tions to be presented to the Conference. 
These recommendations were to be pre- 
sented by the four presidents, as repre- 
senting the opinion of 20,000 engineers 
of this country and at the same time 
voicing their absorbing interest in the 
project. 

Ап opportunity to use these recom- 
mendations came in a very fortunate 
way. During the Conference, the gov- 
ernors were asked to prepare a series of 
resolutions, and they come together 
without any definite idea as to what to 
do. At this opportune moment, the 
recommendations representing the opin- 
ions of the engineers of the country were 
presented, with a remarkable result— 
the resolutions were taken up by the 
governors, practically as they were 
written, the only resolution omitted 
being one referring to a matter that the 
Congress had already acted on, and 
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which the governors did not care to dis- 
cuss, inasmuch as it had had congres- 
sional action. 

Now, the part that these men played 
was a very great part. We are accus- 
tomed to hear that engineers are rather 
narrow in their views, and are chicfly 
valuable for their calculative and inven- 
tive ability, rather than for general di- 
rection of affairs. It is no small thing, 
therefore, that the series of resolutions 
prepared by the four presidents were 
sufficiently broad and attractive to 
merit the approbation, and represent 
the opinion, of such men of large affairs 
as the governors of the states. It 15 no 
small thing that when the resolutions 
were called for it was found that they 
were just what was wanted, and were 
so carefully prepared that they could 
express the ideas of political representa- 
tives of the whole country. It must be 
acknowledged that this action placed 
the engineers of the country as a whole 
in a totally new light; it proved beyond 
a doubt that engineers can be broad- 
minded if they will. It is because they 
did so much to place the engineer in 
this new light, that we believe the ac- 
tion should be commended, and that 
President Stott should be especially 
commended for the unselfishness and in- 
telligence displayed in bringing it about. 

CHAIRMAN ARMSTRONG: We are very 
proud of the part our respected presi- 
dent has plaved in the matter. I under- 
stand that this is put before the Insti- 
tute as a resolution. It is moved and 
seconded that this resolution be adopt- 
ed. Is there any discussion? If not, I 
call for a rising vote- those in favor 
please rise. [The resolution was carried 
unanimously.] 

PRESIDENT Stott: We have now 
come to the end of our program for 
the twenty-fifth Annual Convention of 
the American Institute of Electrical 
Engineers. Before announcing the close 
of the convention, I wish to thank vou 
one and all, the Board of Directors, and 
every member of it, for hearty co- 
operation and helpfulness to me during 
the last year. 
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University Branches" 
BY HENRY H. NORRIS 


At the present time practicallv all of 
the technical colleges in this country 
recognize the importance of affiliation 
with the Institute through local Section 
and Branch work. The Institute 15 
such an integral part of the educational 
plan of these colleges that students 
graduate well informed as to its ob- 
jects and organization. А reasonable 
proportion are enrolled as Institute 
Students, and a few have alreadv 
achieved the grade of Associate. АП 
of this has come about within a 
very few years; that is, during and 
since the presidency of Mr. Charles F. 
Scott. If the departments of electrical 
engineering in the technical schools are 
to do their best for the students, the 
latter must be encouraged to afhliate 
with the Institute, preferably through 
student enrolment at the start. In can- 
vassing this matter with his own stu- 
dents the writer placed before them the 
following arguments: 


WHY TECHNICAL STUDENTS SHOULD EN- 
ROLL IN THE INSTITUTE 


The American Institute of Electrical Engineers 
has made the liberal provision that approved 
Students may enroll at the nominal fec of $3.00 
per year, which is construed as a subscription to 
the Procgepincs. In addition to the monthly 
PROCEEDINGS the student receives all of the ad- 
vantages of the local branch in his vicinity in- 
cluding: 


1. Advance copies of the Institute papers. 

2. Benefits resulting from the expenditure of 
the allowance made to the branches from the 
Institute treasury. 

3. Privilege of wearing the Institute Student 
pin. 

4. Privilege of purchasing the TRANSACTIONS 
at reduced rates. 

5. Stimulation of interest in engineering ac- 
tivity by association with local branches and by 
identification with the Institute which is the 
natural focus of the electrical intelligence of the 
country. 


Why Seniors Should Enroll. 
They will soon be in active business and need 
to be familiar with all available engineering in- 
formation. 


* Presented at the special session of the dele- 
gates of the Sections and Branches at Atlantic 
City, July 1, 1908. 
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Why Juniors Should Enroll. 

They should by their third year be assuming 
responsibility in University Branch affairs and 
receiving stimulus for the advanced work of the 
fourth year. 


Why Sophomores Should Enroll. 

They need raw material from which to develop 
the theory of their engineering courses. The 
Institute PROCEEDINGS give a perspective view 
of engineering practice. 


Why Freshmen Should Enroll. _ 

The sooner they identify themselves with the 
center of engineering activity the more interest 
will they take in their students. While they may 
not understand every statement made, enough 
benefit will be received to pay for the effort to 
grasp the engineering significance of the papers 
presented. They will realize the necessity for 
careful attention to the details of their prepara- 
tory studies. 


The social side of the local branch work is an 
important feature of student enrolment. А stu- 
dent cannot afford to neglect any opportunity 
to become acquainted with his fellow-students, 
his teachers, and the professional engineers in his 
vicinity. The local branch furnishes such an 
opportunity. 


The fee for student enrolment should not be 
a consideration in view of the important results 
which follow. An average student spends at least 
$500 per vear. Of this $3.00 should be set aside 
for enrolment in the Institute before less efficient 
expenditures are decided upon. 

As would naturally be expected the 
seniors are those most interested т 
Branch work. In very few institutions 
are the freshmen and sophomores en- 
rolled in considerable numbers. Some 
interest is taken during the junior year, 
but the burden must necessarily be car- 
ried by the upper classmen. The enrol- 
ment of underclassmen is of doubtful ex- 
pediency, but in some cases these men 
make excellent Branch members. The 
enrolment of seniors is practically es- 
sential if the school makes the proper 
use of the Institute privileges. 

In order {о permit the comparison of 
the conditions existing among the vari- 
ous Branches, the following table has 
been compiled: 


UNIVERSITY BRANCH DATA 


Enrolled Probable Probable 
Section or Branch A.I.E.E. E.E. E.E. Ratio Ratio 
Students Graduates Students a/b a/c 
(a) (b) (с) 
Armour Institute.......0...0..... 27 18 150 1.50 0.18 
Iowa State СоПере.............. 37 30 265 1.23 0.14 
Kan. State Agr. СоПеџе......... ‚19 21 135* 0.91 0.09 
Lehigh Оптегану.............. 60 18 125 3.33 О. 48 
Stanford University............. 24 18 104 1.33 0.23 
Lewis Епа ћи(е................. 33 20 410 1.65 0.08 
Montana Agr. College........... 9 3 41 3.00 0.22 
Penn. State СоПере............. —t 44 293 
Purdue Universitv.............. ко 78 469 1.03 0.17 
Syracuse University............. 19 25 130 0.76 0.15 
Univ. of Arkansas.............. 6 2 7 4.00 0.08 
Univ. of Союгадо............... 13 18 120 0.72 0.11 
Univ. of Мате.,............... — 20 72* 
Univ. of Michigan.............. 28 44 170 0.64 0.17 
Univ. of Missouri............... 3 25 200 0.12 0.02 
Univ. of Montana............... 4 5 50 0.80 0.08 
Univ: of Техаз................. 27 7 134 3.85 0.20 
State Col. of Washington........ 21 9 50 2.34 0.42 
Univ. of Wisconsin............. | 15 40 246 0.38 0.06 
Worcester Poly. Inst............ 47 29 145 1.62 0.32 
SECTiONS CONTAINING МАМУ ENROLLED STUDENTS. 
UPON а oor: M Re es Esci d 45 32 325 1.41 0.14 
5сћепесјаду.................... 24 15 291 1.60 0.33 
Cincinnati sooner reU 10 7 45 1.43 0.22 
TRACER aere A жы Os ЫКЫ US 111 105 570 1.06 0 20 
Totals of branches reporting en- 
rolled students............. 662 569 3989 1.16 0.166 


* Freshmen not classified (total estimated at 3/2 of upper three classes). 
1 Freshmen and sophomores not included (total estimated at 5/2 of upper two classes). 
+ Could not be separated this year from E. E. society. | 
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The table shows the approximate 
number of students enrolled on Febru- 
ary 15, 1908, the probable number of 
electrical engineering graduates at the 
1908 commencement, and the approxi- 
mate total number of students pursuing 


electrical engineering courses. 
As a tasis of comparison two ratios 


have teen calculated. 

(1) That of e-rolled stude: ts to prob- 
able graduates. 

(2 That of e rolled students to total 
students pursuing electrical courses. 
The first ratio varies from a maximum 
of 3.85 to a minimum of 0.38 with an 
average of 1.16. The second ratio va- 
ries between a maximum of 48 per cent 
and a minimum of 2 per cent, with an 
average of 16.6 per cent. Assuming 
that the average represents a fair de- 
gree of interest in Institute matters, it 
furnishes a standard by which each 
Branch may measure its own activity. 
In making this comparison it should be 
borne in mind that the small Branch 
has an advantage over the large one in 
that it is more wieldy— the students are 
better acquainted, and they are in 
closer contact with their teachers. On 
the other hand, the large Branch has 
the enthusiasm of numbers, which 1s 
also an important element in maintain- 
ing interest. Again, there are local con- 
ditions which increase or decrease in- 
terest. The best showing in the table 
is made by those Branches which min- 
ister to the social instincts of their mem- 
bers, conspicuous among these being 
Lehigh and Worcester. The University 
of Illinois, (Urbana Section), is also very 
successful in this particular. University 
Branch work has been the subject of 
much experimentation which has yield- 
ed valuable experience for future guid- 
ance. The Branches have not developed 
exactly as expected, but as they have 
not been hampered by unnecessary re- 
strictions the growth has been a natural 
one. The work of the University 
Branches differs in manv details from 
that of the Sections, and hence must be 
studied separately. The writer con- 
fesses to some disappointment that the 
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original program* has not proved en- 
tirely feasible, but this disappointment 
is due to a previous misunderstanding 
of the local conditions. 

In order to learn the exact present 
status of University Branch work corre- 
spondence has been conducted with all 
the Branches, and numerical data and 
detailed suggestions have been оЪ- 
tained. With practically no exception, 
their experience shows that a presenta- 
tion of New York papers either entire 
or in abstract arouses no local enthu- 
siasm. 

The reasons for this are: 

l. The treatment is frequently too 
involved to be comprehended by the 
students. 

2. The subject matter does not con- 
nect well with the daily experience of 
the students. 

3. Any one topic appeals to but a 
portion of the student body, just as at 
New York a small proportion of the 
Institute membership is interested in 
any one subject. 

The primary function of Branch 
meetings is to stimulate and develop 
the students; in other words, it 1s educa- 
tional. Therefore whatever 15 done in 
these meetings should tend toward the 
desired end. To be educational, a sub- 
ject must fit in well with the previous 
knowledge of the student, and he must 
be able, without unnecessary effort and 
with interest, to incorporate the new 
material into his mental equipment. 
From this standpoint it is easy to see 
why some meetings have failed while 
others have encouragingly succeeded. 

The successful meetings are those 
which: 

l. Are as different as possible from 
regular class exercises. 

2. Stimulate active discussion among 
the students. 

3. Bring the audience into contact 
with real engineering practice. 

4. Acquaint the students with the 
personality of practical engineers. 

* It was supposed that the abstracting and 


discussing of New York papers would be a main 
feature of Branch meetings. 
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5. Develop the social life of the 
Branch. 

Among the details of successful meet- 
ings the most important is the choosing 
of the speaker. When possible he 
should be brought from outside the 
college, or at least from outside the 
electrical department. The faces, 
methods. and ideas of the regular 
teachers become monotonous to the 
students. 

After the choice of speaker comes 
that of subject, which as a rule may be 
safely left to the speaker himself. The 
address should possess the following 
characteristics: 

1. It should indicate a tendency in 
some line of engineering development. 

2. № should be based upon the 
speaker's own successful experience. 

3. It should contain enough detail 
to be definite and not enough to be 
tedious. 

4. It should appeal to the mind 
through the eye, as well as ear, by 
the use of experiments, lantern-slides, 
charts, and mathematical demonstra- 
tions. 

The nature and extent of the particu- 
lar field covered by the lecture should 
be made real to every intelligent lis- 
tener. À printed or mimeographed out- 
line or syllabus in the hands of the 
audience is of great assistance in focus- 
ing attention and rendering more per- 
manent the impression made. 

The address should be short enough 
to allow extended discussion, and the 
speaker's success may usually be meas- 
ured by the volume and spirit of the 
discussion which he provokes. Assum- 
ing that the subject is well chosen, if 
no discussion follows the inference is 
that either the listeners are tired of the 
topic, or it has not been presented in 
such a manner as to stimulate them to 
self-activity. 

A skilful combination of recreative 
features with the more formal exercises 
is sometimes beneficial. Music is always 
in order, and light refreshments appear 
to stimulate mental activity. The re- 
sponsibility for such entertainment in 
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itself tends to interest students who 
otherwise might not be induced to 
attend. 

It is obviously not possible in most 
Branches to obtain outside speakers 
for everv meeting. Three or four are, 
as a rule, as many as can be secured, 
both on account of the expense and be- 
cause speakers are not available. There 
must, therefore, be a number of meet- 
ings in which local talent only is avail- 
able. At such meetings the presenta- 
tion of original papers by members of 
the Branch should be encouraged. Ос- 
casional talks by instructors are helpful, 
if the topics selected are quite foreign 
to those of the courses given by the 
same instructors. In these meetings in- 
formality tends to put the students at 
their ease, and encourages them to talk. 
While the students cannot contribute 
largely to the practical value of the dis- 
cussion, unless they have had experi- 
ence in the particular field covered by 
the speaker, they are greatly benefited 
by taking part in it. The instructors in 
such meetings should make every effort 
to bring out topies that the under- 
graduates can understand. In some 
Branches the use of a question box 1$ 
very successful in these informal 
meetings, as the audience usually con- 
tains some person qualified to answer 
any reasonable question that may be 
asked. The attendance at these meet- 
ings must be largely stimulated by 
advertising. for the reason that there 
are many rival attractions at technical 
schools. 

A problem which confronts many 
Branches is to establish and maintain 
proper relations with other technical 
societies. There is usually found an 
electrical society of some sort, as well as 
organizations of mechanical, civil, and 
other engineers. While this problem 1$ 
one for local solution, yet the writer 
believes that the Institute should be 
the center of electrical engineering ac- 
tivity outside the class room. Either 
other electrical societies must be ab- 
sorbed, or the field of work must be 
carefully divided with them. 
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The development which has been 
outlined indicates a tendency for the 
Branches to grow away from the In- 
stitute. If the meetings are to be occu- 
pied entirely with independent papers 
and discussions, what 1$ to bind the 
Branches to the main organization? 
The enrolled students as well as Insti- 
tute members receive the PROCEEDINGS 
and the advance copies of papers, and 
these must be used in some way to form 
a bond to hold the. Branches together, 
and to the Institute. Experience shows 
that as a rule the Branch meetings are 
not stimulated by rehearsing the New 
York papers and discussion. It seems 
advisable, therefore, that the Institute 
papers should be incorporated as far as 
possible into the text used in regular 
courses. Several schools are now follow- 
ing this practice, which must become 
more general if the Institute is to mean 
what it should to the rising generation 
of electrical engineers. 


The AdvantagesofMembership 
in the American Institute 
of Electrical Engineers* 


BY CHARLES B. BURLEIGH 


The question has frequently been 
asked, what advantage 15 to be derived 
from membership in the American In- 
stitute of Electrical Engineers? 

There can be no question as to the 
duty of every American citizen to sup- 
port and maintain the Supreme Court 
of the United States. Can there, there- 
fore, be advanced any legitimate reason 
as to why it 15 not a duty that he owes, 
not only to himself but to each and 
every one of his associates in the busi- 
ness in which he is engaged, for every 
electrical engineer to do his utmost to 
support and maintain a court of last 
resort, by whom all disputed technical 
questions in electrical engineering shall 
be finally settled? To assist so far as in 
him lies, in removing all electrical work 
from the region of guesswork to that of 
certainty, thereby increasing the stim- 
ulus to the successful investment of 


* Reprinted from the /Jlectrical Review, New 
York, Aug. 1, 1908. 
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capital in electrical enterprises? To ef- 
fect а concentration of effort and in- 
creased mentality excited Бу generous 
rivalry? 

With these objects in view the 
American Institute was formed with 
the avowed purpose of promoting the 
arts and sciences connected with the 
production and utilization of electricity 
and the welfare of those employed in 
these industries; by means of meetings 
for social intercourse, the reading and 
discussion of professional papers, and 
the circulation, by means of publica- 
tions among its Members and Associates, 
of information thus obtained. 

Appreciating this situation, affiliation 
with the organization 1s not a question 
of what benefit will result to the indi- 
vidual, but is a duty he owes to the art, 
to his associates and to himself, to do 
everything in his power to aid and assist 
in the support and maintenance of an 
institution without which we would all 
be whirling around in our own little 
circle, duplicating effort, narrowing the 
scope of the art and our own fields of 
usefulness. 

The electrical engineer also owes a 
duty to the public in general, who place 
in his hands the solving of problems in 
connection with the details of which 
they are totally uniformed, and only 
by placing himself in a position to give 
them the best information procurable 
can he be assured of rendering to them 
full return for the confidence imposed. 
Again, it 1s generally conceded by the 
world at large that the most valuable 
opinion and judgment on any class of 
work is that rendered by the leaders 
in that profession; for which reason the 
electrical engineer's standing is in a 
great measure fixed by the recognition 
of his ability by his associates, and only 
by an acquaintance with them, thus 
offering them the opportunity to fa- 
miharize themselves with his capabili- 
ties, can he establish his standing, and 
as the best estimate of an engineer as 
a man and an engineer 1s the opinion of 
the members of his own profession, it 
is his duty to himself, as well as to 
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those from whom he derives his liveli- 
hood, that he become known to and 
acquainted. with his associates. 


* x* * * * 


The benefits to be derived from this 
association depend largely upon the 
individual to the extent that if he joins 
the organization, prompted only bv 
selfish motives, to receive and not to 
impart benefit, he will receive but little, 
while he who connects himself with the 
association, hoping by his work to pro- 
mote its success, receives in return in- 
estimable benefit from the fact that his 
work and his contributions tend to 
make him known to his associates and 
establish his standing not only among 
them but in the field at large. 

Again, in connection with the differ- 
ent matters brought before the organi- 
zation for its consideration, he either 
attends the meeting at which they are 
presented or reads of them in the TRans- 
ACTIONS, and as reading any similar ar- 
ticle presented through the usual chan- 
nels, forms his own opinions on the sub- 
jects treated, but his connection with 
this association offers him the oppor- 
tunity to familiarize himself with the 
opinions of his associates on the sub- 
ject, and by discussing their opinions, 
either with them or with himself, ar- 
rives at a much broader understanding 
of the matter. 

As the association aims to take up 
and discuss in 1ts earlier stages of de- 
velopment any and all improvements 
in the art, the facilities offered enable 
the membership to keep just a little 
ahead of the non-members and the pub- 
lic, and prepares them to pass judgment 
on new devices as soon as their practical 
consideration becomes desirable. 

The scope of the art is continually 
broadening to such an extent that the 
necessity for specialization 15 becoming 
more and more apparent. The closer 
the lines are drawn in this direction the 
more important becomes ап organiza- 
поп which offers us the facilities for 
keeping in touch with the whole general 
situation, and the more good work can 
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the specialist do for the organization 
and through it for the art. 

Having been connected with the elec- 
trical business for some thirty years and 
with the Institute seventeen years, I 
feel that I may be pardoned for а sug- 
gestion to the older members and a 
word of advice to the younger members 
of the profession. 

To the older members I would sav: 

You have seen our profession. grow 
in the last thirty vears from the elec- 
trician who could set up the gravity cell 
for the operation of the key and sounder, 
to the electrical engineer who can carry 
on his shoulders the water and steam 
power of the world and deliver its use- 
ful energv at any point where com- 
mercial conditions make its utilization 
desirable, outstripping by leaps and 
bounds all other engineering professions. 
I may have contributed. individually 
no more than you to this marvelous 4е- 
velopment, but the association of whicn 
] am a member is in a great measure re- 
sponsible for it, for which reason you 
owe to it in a large measure the benefit 
vou have and are receiving from it. 
You would be ashamed to be accused 
of not paving vour just debts. Here is 
one long overdue, and the quicker you 
settle bv adding your assistance to the 
good work in becoming a member the 
sooner you can look everybody in the 
face and sav, “ I am in part responsible 
for the result attained.” 

To the neophvte I would say: 

In any line, individual etfort is al- 
wavs praiseworthy, but team work pre- 
sents the shortest route to success, 
The sooner vou connect yourself with 
the Institute the quicker you will begin 
to obtain the best returns from the сп- 
ergy you expend in promoting the in- 
terests of the profession you have en- 
tered, to the benefit of your employer 
and to vourself, and if you remain in 
the business you can look back with 
pride, in the years to come, to the fact 
that you have alwavs, from the first 
moment of entering the profession, lent 
your best etforts to the best advantage 
to the advancement of, the art. 
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You may feel that you have com- 
pleted your education and are now 
about to reap the benefits. Allow me 
to disabuse your mind of this idea. 
Your education has just commenced. 
Your school and college have provided 
you with an excellent outfit of tools 
and you are now about to be taught 
how to use them to the best advantage. 
The art is progressing and you will 
find that new adaptations require new 
tools not in your chest, and membership 
in the Institute will tend to keep your 
tool chest up to date. 


Sections and Branches 

At a meeting of the Board of Direc- 
tors on August 14, 1908, authority was 
granted to the Members and Associates 
of the Institute at Fort Wayne, Indiana, 
to establish the Fort Wayne Section, 
with Mr. E. А. Wagner chairman, and 
Mr. M. J. Kehoe as secretary. 


MINNESOTA SECTION 

At the regular monthly meeting of 
the Minnesota Section held at the office 
of the St. Paul Gas Light Company on 
the evening of June 1, 1908, the secre- 
tary being absent, Mr. Hibbard was ap- 
pointed secretary pro tem by the chair- 
man. The report of the Committee on 
Membership was received and read by 
the secretary, and was as follows: 

The committee appointed by the 
Minnesota Section of the American In- 
stitute of Electrical Engineers, to con- 
sider the resolutions on the subject of 
Institute membership, adopted by the 
Toronto Section, on the 20th of Febru- 
ary, 1908, after due consideration of 
the fact that the requirements for trans- 
fer to the grade of Member are extremely 
rigid and also the fact that the require- 
ments for the grade of Associate are 
now easy to attain, reports as follows: 

The matter of the classification. of 
membership is an important one and 
deserves consideration. 

We heartily endorse the resolution 
of the Toronto Section. 

We suggest that the third classifica- 
have a more distinctive 


tion should 
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name than that adopted by the Toronto 
Section. 

A motion to accept the report of the 
committee and to continue the work 
was carried, it being considered desirable 
to have this committee carry the work 
through according to their report, and 
to take such steps as are necessary to 
bring about the proposed change in 
Article II of the Constitution. 

The report of the Committee on By- 
Laws was then read by Mr. Dibble, 
chairman. 

There being no further business to 
come before the meeting, the discussion 
of the Institute papers by Messrs. 
Vaughan and Neall on lightning protec- 
tion was taken up. 


SAN FRANCISCO SECTION 
At a meeting of this Section on June 
26, 1908, seventy members and guests 
heard Mr. C. F. Elwell read a paper en- 
titled “Reduction of Iron Ores by Elec- 
tricity.” 


ST. Louis SECTION 

On April 8, 1908, sixty-three mem- 
bers and guests attended a meeting of 
the St. Louis Section at the Engineer's 
Club. There was a discussion on the 
advisability of an Institute interme- 
diate yrade of membership, followed by 
the presentation and discussion of a 
paper by Mr. E. D. Smith, entitled 
“ Power Generating and Distributing 
Svstems of the United Railways of St. 
Louis." 


Another meeting of this Section, at- 
tended by forty-nine members and 
guests, was held at the Ashley Street 
plant of the Union Electric Light and 
Power Company on May 16, 1908. By 
courtesy of the officials of the light and 
power company, the entire plant was 
thrown open for inspectior. 


KANSAS AGRICULTURAL COLLEGE 

At a meeting of this Branch, at Man- 
hattan, Kansas, on June 3, 1908, Mr. 
W. L. Enfield was re-elected chairman 
and Mr. W. C. Lane elected secretary 
to serve until June, 1909. 
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Associates Elected and 
Transferred 


At a meeting of the Board of Di- 
rectors at 11 a.m., Friday, August 14, 
1908, present President L. А. Ferguson; 
Past-President H. G. Stott; Vice-Pres- 
idents C. C. Chesney, W. C. L. Eglin, 
and Calvert Townley; Managers P. M. 
Lincoln, Paul Spencer, H. W. Buck, 
P. H. Thomas, B. G. Lamme, D. B. 
Rushmore, W. G. Carlton, C. W. Stone, 
H. E Clitford; Treasurer G. A. Hamil- 
ton, and Secretary К. W. Pope, the fol- 
lowing 109 Associates were elected: 


ABBOTT, JoHN, General Manager, Jack- 
son Electric Railway Light and Power 
Co., 317 E. Capitol St., Jackson, Miss. 

APPLETON, Мипллам Day, Assistant 
Superintendent of Generating Sta- 
tion, Guanajuato Power and Electric 
Co., Zamora, Michoacan, Mex. 

ВАрСЕК, CHARLIE Кисоск, Student, 
University of Nevada, Reno, Nev. 

BaAkER. Burton EUGENE, Secretary 
and Engineer, Baker Electric Co., 24 
Beach St., Hartford, Conn. 

ВАКЕКВ. James E., Superintendent, 
Power Transit and Light Co., 904 
19th St., Bakersfield, Cal. 

Ваказн, Mitton D., Engineer, Gray 
апа  Barash, 611 Peoples Bank 
Building, Seattle, Wash. 

Barb, JacoB Wi uiaM, Electrician, 
Peoria Gas and Electric Co.; res., 606 
State St., Peoria, Ш. 


BarRNES, Помагр CarTErR, Electrical 
Engineer, Edison Electric Illumina- 
ting Со. Brockton; res, 17 Lan- 
caster St., Cambridge, Mass. 

BARTLETT, FRANK SARGENT, Tester, 
General Electric Co.; res., 186 Fur- 
man St., Schenectady, N. Y. 


Baum, Harry, Settlement Worker, 
University Settlement; res., 130 East 
115th St., New York City. 

BENNETT, ALAN Marion, Assistant to 
Chief Engineer, The C. & C. Electric 
Co.; res., 34 Clark St., Westfield, N. J. 

BERNSTEIN, Fritz, Assistant to Man- 
ager, Grand Island Electric Со.; 
res., 503 W. Division St, Grand 
Island, Neb. 


Воск, MancEr, Superintendent Pub- 
lic Lighting, Mexican Light and 
Power Co., Mexico City, Mex. 

Вісм, George Jacos, Shop Superin- 
tendent, General Electric Co.; res., 
331 Hansberry St., Germantown, 
Philadelphia, Pa. 


Вкасс, Коу CorvMBvs, Power House 
Foreman, Pacific Gas and Electric 
Co., Colgate via Dobbins, Cal. 


Вкахром, ЁрсАв THOMAS JOHN, 
Designer, H vdro- Electric Power Com- 
mission of Ontario; res., 150 Dowling 
Ave., Toronto, Ont. 


BnipcEs, JAMES EpwiN, Consultor in 
Engineering Department, Westing- 
house Electric and Mfg. Co., San 
Francisco; res., 2528 Central Ave., 
Alameda, Cal. 


CLARKE, FRANK T., Inspecting Engi- 
neer, Commonwealth Edison Co., 139 
Adams St.; res., 994 Warren Ave.. 
Chicago, Ill. 


Сонх, CLARENCE A., Superintendent, 
Power Stations, Utah Light and 
Railway Co., 670 E. So. Temple St., 
Salt Lake City, Utah. 


Cook, Epson WILEy, Student, Harvard 
University, Cambridge; res. 10 Wise 
St., Jamaica Plain, Mass. 


CooLEv, GEORGE R., Member of Firm, 
Buxbaum and Cooley, Engineers, 
2123 42d Ave., S. \., Seattle, Wash. 


Corves, Henry G., Electrical Drafts- 
man, U.S. Navy Yard, Puget Sound; 
res., Bremerton, Washington. 


DANFORTH, RICHARD EUGENE, General 
Manager, Public Service Railway Co. 
of N. J., 7 Central Ave., Newark, N. J. 


DARRALL, CHARLES HENRY, Engineer 
of Tests, Canadian Westinghouse Co., 
135 Main St. West, Hamilton, Can. 


DEAL, Kart Epwarp, Testing Depart- 
ment, General Electric Co.; res., 341 
Summit Ave., Schenectady, N. Y. 


DurBRow, WILLIAM, Engineer, Отт 
Water Light and Power Co., 1502 
Chronicle Bldg., San Francisco, Cal. 


— + + -— 
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Повгек, Josepa, Electrician, Westing- 
house Electric and Mfg. Co.; New York 
City res., 341 43d St., Brooklyn, N. Y. 

DUDLEY, ADOLPHUS MANSFIELD, Engi- 
neer, in charge Induction Motor De- 
sign, Westinghouse Electric and Mfg. 
Co., Pittsburg Pa. 

Батом, EUGENE CouRTLANDT, Drafts- 
man, Montreal Light, Heat and Power 
Со.; res, 22 Holton Ауе. West- 
mount, Montreal, Que. 

Еслм, Louis Henry, Resident Engi- 
neer, Eastern Michigan Edison Co., 
Detroit, Mich. 

EicuEL, EvcENE, Consulting Engineer, 
106 Alte Takobstr, Berlin, S. W., 
Germany. 

FELLows, ERNEST Rostyn, Student, 
New Hampshire College, Durham; 
res., 4 Gill St., Exeter, №. H. 

FENNER, Ковект Coyner, District 
Manager, Cutler-Hammer Mfg. Co., 
176 Federal St., Boston; Mass. 

FERRIS, THOMAS, of Ferris Bros., Osage, 
Та. 

Furness, DouGLas LYLE, Construction 
Foreman, General Electric Co., Ken- 
dallville, Ind.; res., Salem, Mass. 

FuRTHMAN, Миллам N., Telephone 
Engineer, Western Electric Co.; res., 
1023 Foster Ave., Chicago, Ill. 

GARDINER, HENRY ALFRED, Electrical 
Engineer, Chicago, Burlington and 
Quincy R.R., 209 E. Adams St.; res., 
24 Evergreen Ave., Chicago, Ill. 

Gaus, FREDERICK G., Chief Electrician, 
Metropolitan Opera House, res., 517 
W. 134th St., New York City. 

GEISER, JOSEPH Funk, Consulting Engi- 
neer, 127 №. Church St., Waynes- 
boro, Pa. 

GRAF, SAMUEL HERMAN, Graduate Stu- 
dent, Oregon Agricultural College, 
Corvallis, Ore. 

GRONDAHL, Lars Orar, Student, Johns 
Hopkins University, Baltimore, Md. 

HECKSHER, Отто, Telegraph Engineer, 
Department of Federal Telegraphs; 
res., 11 Calle Industria, Mexico City, 
Mex. 
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HEIDENREICH, ALLAN НАВБГАХ, Cin- 
cinnati and Suburban Bell Telephone 
Co., 316 Vine St., Cincinnati; res., 
Madisonville, O. 

HEPBURN, FREDERICK TAYLOR, District 
Manager, Ohio Electric Railway Co.; 
res., 569 West Spring St., Lima, Ohio. 

HicBiE, Henry Нлвого, Instructor 
Electrical Engineering, University of 
Michigan; гез., 1109 East University 
Ave., Ann Arbor, Mich. 

HiNES, GEORGE Ernst, Chief Electrical 
Engineer, Burns-McDonnell, 823 Scar- 
ritt Building, Kansas City, Mo. 

HOLLINGER, EDWIN KIRKMAN, 
Draughtsman, New York City Rail- 
way Co.; res., 53 West 95th St., New 
York City. 

Karo, Suizuo, Electrical Engineer, 
Electrical Department of Mitsubishi, 
Dockyard and Engine Works, Kobe, 
japan. 

Кеткек, Harotp ХЕП, Telephone 
Switchboard Engineer, Western Elec- 
tric Co., 2789 Kenmore Ave., Chicago, 
Ill. 

Kevvey, Мил. G., Inspector, Common- 
wealth Edison Co., 139 Adams St; 
res., 5610 Madison Ave., Chicago, Ill. 

KLEMM, JOHN, Station Engineer, Mexi- 
can Light and Power Co., Necaxa, 
Puebla, Mex. 

Knox, JAMES Mason, Technical Editor, 
General Electric Co.; res., 1205 Union 
ot., Schenectady, М. Y. 

KoGANEY, HaruMASA, Shibaura Engi- 
neering Works, Shibaku, Tokyo, 
Japan. 

LiccETT, WirLiAM Epwin, Engineer, 
Stantonville Telephone Co., Ham- 
burg, Tenn. 


LipPELT, HANS BERNHARD, Engineer, 
General Electric Co.; res., 2 Heinrich 
St., Meerane, Saxony, Germany. 

LIPPINCOTT, ANDREW FULLER, Foreman 
of Construction, General Electric Co., 
203 Trust Building, Charlotte, N. C. 


Lrovp, Morton GITHENS, Assistant 
Physicist, Bureau of Standards, Wash- 
ington, О. С.; res., Philadelphia, Pa. 
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Ттоур, SHERMAN Coxe, Student, 
Swarthmore College, Pa.; res., 1002 
W. 10th St., Wilmington, Del. 

Lorw, Epcar A., Instructor in Elec- 
trical Engineering, University of Wis- 
consin; res., 412 Murray St., Madison, 
Wis. 

MARTINDALE, JAMES JOSEPH, Chief En- 
gineer, Northern Construction Co., 
Lansingh, Mich. 

Mayo, WALLACE JuLius, Foreman, In- 
terior Construction Department, Bos- 
ton Elevated Railway Co.; Boston, 
Mass. 

MCCARTHY, JOSEPH BARTHOLEMEW, 
Erecting Engineer, Westinghouse 
Electric and Mfg. Co., 129 Conduit 
St., Annapolis, Md. 

MERSEREAU, VAN Vonsr, Station Oper- 
ator, Mexican Light and Power Co., 
Mexico City, Mex. 

MITCHELL, Jay Gorpon, Electrical 
Engineer, The North Electric Co.; 
res., 2180 E. 97th St., S. E., Cleve- 
land, O. 


Motz, JacoB Francis, Electric Con- 
troller and Mfg. Co., 515 Frick 
Building; res., 6 Buffalo St., Pitts- 
burg, Pa. 


MUHLFELD, JoHN ERHARDT, General 
Superintendent, Motive Power, Balti- 
more and Ohio К.К. Co., 2214 Eutaw 
Place, Baltimore, Md. 


MULLHAUPT, ALFRED, JR., Student, 
Pennsylvania State College; res., St. 
Marys, Elk Co., Pa. 


NEWHARD, FRANKLIN S., Foreman, Test- 
ing Department, Burke Electric Со.; 
res., 920 Cranberry St., Erie, Pa. 


OBENSHAIN, ARCHIE Woops, JR., Elec- 
trical Engineer, American Iron and 
Steel Mfg. Co., Lebanon, Pa. 


Ora, Тознуски, Electrical Engineer, 
Fuji Cotton Spinning Mill Co., Shizuo- 
kaken, Japan. 


PAINTER, Hanorp RissEL, Assistant 
Operator, Sub Station, Philadelphia 
Rapid Transit Co., 6531 Berdan St., 
Philadelphia, Pa. 
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Payor, Josern PauL, Vice President 
and General Manager, Damm Elec- 
trical Co., Flatiron Building; res., 465 
West 13151 St., New York City. 

PirRCHER, FRANKE, Assistant Electrical 
Superintendent, New York Edison 
Co.; res., 339 East 140th St., New 
York City. 

Pore, CHESTER Соџсн, Student, Har- 
vard University, Cambridge; res., 79 
Lothrop St., Beverly, Mass. 

PowELL, FREDERICK HERBERT, Box 
217, Germiston, Transvaal, So. Africa. 

Price, У\иллам HERBERT, Salesman, 
Power and Mining Department, Gen- 
eral Electric Co., Chicago, Ш. 

Proctor, CARROLL Бетон, Railway De- 
partment, General Electric Co.; res., 
35 №. Wendell Ave., Schenectady, 
М.Ү. 


RAMSTAD, ALBERT GEORGE, Superin- 
tendent of Construction, Pacific Gas 
and Electric Co., San Jose, Cal. 

REED, NORMAN WiNFIELD, Electrical 
Inspector, Board Fire Underwriters; 
res., 2120 Kittridge St., Berkeley, Cal. 

Reep, Отто A., Sales Engineer, Fair- 
banks Morse and Co.; res., 1883 Ken- 
more Ave., Chicago, Ш. 


Rospsins, Harris A., Assistant Elec- 
trical Engineer, Brooklyn Rapid Tran- 
sit Co., 85 Clinton St., Brooklyn, 
М.Ү. 

Rocers, Jonn S., Salesman, Western 
Electrice Co. Pittsburg, Pa.; 
Corry, Pa. 


res., 


SAUERHERING, RICHARD PAUL, Instruc- 
tor in Mechanical Engineering, Okla- 
homa Agricultural and Mechanical 
College, Stillwater, Okla. 

ScHMiDT, Joun M., Electrical Engineer, 
and Yakima Valley Transportation 
Co., North Yakima, Wash. 

SCHNEIDER, WILLIAM Henry, Construc- 
tion man, Long Island Railroad Co., 


Broadway and Union Ave., Ozone 
Park, L. I., N. Y. 

SEVERSON, ALBERT МАЏЕЈСЕ, Tele- 
phone Engineer, The Monson Auto- 
matic Telephone Co., North St. Paul, 
Minn. 
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SHAFER, JAMES С. ForsyTHE, Civil 
Engineer and Superintendent of Con- 
struction, Quartermaster's Depart- 
ment U. S. A. San Juan, Porto Rico. 


SHAFP, SAMUEL EDwIN, Electrician, 
State University of Iowa. lowa City, 
la. 


SMiTH, Harvey ELLswonrH, Chief En- 
gineer of Power Houses, Terre Haute, 
Indianapolis and Eastern Traction 
Co., Terre Haute, Ind. 


STEELE, Harry GARFIELD, Member of 
Firm, Pittsburg Transformer Со.; 
res., Kennedy Ave., North Side, 
Pittsburg, Pa. | 


STEWART, STANLEY IRVINE, Chief Engi- 
neer, Willamette Valley Co., 519 W. 
5th St., Albany, Ore. 


STREET, Ержавр Tatum, Salesman, 
Westinghouse Electric and Mfg. Co., 
1420 171 LaSalle St., Chicago, Ш. 


SULLIVAN, FRANK, JR. Investigator, 
New York and New Jersey Tele- 
phone Co.; res., 1508 Bedford Ave., 
Brooklyn, N. Y. 


SWINBURNE, Epwarp D., Electrical 
Engineer, National Biscuit Co., 409 
W. 15th St.; res., 371 М. 117th St., 
New York City. | 


Тномрѕох, Roy Epwin, Assistant Su- 
perintendent, San Diego Consoli- 
dated Gas and Electric Со. San 
Diego, Cal. 


THORNTON, GEORGE A., Electrical En- 
gineer, General Electric Co.; res., 543 
Rugby Road, Schenectady, N. Y. 


Tuv MMEL, WILLIAM G., Chief Engineer: 
Bartlesville Inter-Urban Railway. 
Bartlesville, Okla. 


TILLsonN, Epwin DELEVAN, Electrical 
Engineer, with G. M. Gest, 277 Broad- 
way, New York City. 


TURNER, CLARENCE PORTER, Engineer, 
General Electric Co.; res., 117 Glen- 
wood Boulevard, Schenectady, N. Y. 


TURNER, RICHARD ALBERT, Superin- 
tendent of Construction, F. T. Ley and 
Со. Inc.; res., 284 Dickinson St., 
Springfield, Mass. 


[Sept. 


Voce, Ароге Law, Assistant Editor 
and Technical Director, Concilium 
Bibliographicum, Hofstrasse, Zurich, 
Switzerland. 

WADDELL, Homer A., General Superin- 
tendent, Pittsburg and Allegheny 
Vy Ry. Leechburg, Pa. 

WIELAND, ALBERT Ербак, Consulting 
and Contracting Engineer, Wenatchee 
Wash. 

WILLEY, VERNON JusTIN, Instructor 
Electro-Therapeutics and X-ray, Uni- 
versity of Michigan, 308 E. Madison 
St., Ann Arbor, Mich. 

WILSON, CHARLES JASPER, Superin- 
tendent of Electrical Department, 
Oakland Gas Light and Heat Co., 
Oakland, Cal.; res., Piedmont, Cal. 

Woop, Arcu K., Engineer, С. В. Wood, 
Consulting Engineer, 1207 Park Build- 
ing, Pittsburg, Pa. 

Woop, FRANKLIN PORTER, Superinten- 
dent, Black Hills Traction Co., Dead- 
wood, S. D. 


WoopDwWarRD, Epwanp Враск, Shift En- 
gineer, Mexican Light and Power Co., 
Ltd., Necaxa, Puebla, Mex. 


ZIEGLER, ALFRED THEOPOLUS, Electri- 
cal Engineer, Central District and 
Printing Telegraph Co.; res., 2121 
Federal St. Extension North Side, 
Pittsburg, Pa. 


The following members were trans- 
ferred to the grade of Member: 


ЈОЗЕРН AUKEN THALER, Professor of 
Electrical Engineering, Montana Ag- 
ricultural College. Bozeman, Montana. 


CHARLES Epwanp Lonp, Manager Pat- 

ent Department, The Bullock Electric 
Mfg. Co., and Electrical Patent At- 

torney, Allis-Chalmers Co., Norwood, 
Ohio. 

WILLIAM NELSON Goopwin, Jr., Chief 
Electrical Engineer, Western Electri- 
cal Instrument Co., East Orange, N. J. 

Henry Dvvaur James, Electrical Engi- 
neer with Westinghouse Elec. and 
Mfg. Co., Pittsburg, Pa. 

ARTHUR WILLIAMS, General Inspector, 
The New York Edison Company, 55 
Duane Street, New York. 
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Personal 


Mr. C. E. CHATFIELD is now taking 
the student course at the Western Elec- 
tric Company’s Hawthorne plant. His 
mail address is Riverside, Illinois. 


Major ZariNskI, U. S. А. retired, 
has become president of the Bureau of 
llluminating Engineering, 437 Fifth 
Avenue, New York City. 


Mr. С. А. ANDEREGG has resigned 
his position in the Ohio State Univer- 
sity, and is now employed in the phy- 
sical laboratory of the Western Electric 
Company, New York City. 


Ме. S. A. WiLLiAMS has taken charge 
of the Hazlehurst Mississippi Municipal 
Light and Water Works plant, which he 
will enlarge and rebuild from time to 
time as conditions require. 


Mr. Н. Н. Vrooman has left the em- 
ploy of the Mexican Light & Power Co. 
of Mexico City, and is now in the em- 
ploy of the Cia, Electrica e Irrigadora 
of the State of Hidalgo, Mexico. 


Mr. ArLrnED E. BRADDELL, of the 
Sprague Electric Company, has been 
transferred from their Philippine office 
to the Chicago office, where he will have 
charge of their conduit department. 


Mr. E. Le C. HEGEMAN has returned 
after a year's leave of absence, to re- 
sume his work with Mr. J. K. Robinson, 
representing the Westinghouse inter- 
ests on the west coast of South America. 


Mn. HERBERT W. ANDREWS, for over 
two years connected with the trans- 
former engineering department of the 
General Electric Company at the Schen- 
ectady works, has been transferred to 
the Pittsfield works. 


Mr. J. М. CAMPBELL is now president 
and general manager of the Buffalo, 
Lockport and Rochester Railway Com- 
pany, an electric line now being built 
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from Rochester to Lockport, with con- 
nections to Buffalo. 


Mr. Е. К. Рниллрз, formerly engi- 
neer in charge of railway development 
work of The Ohio Brass Company, has 
accepted the position of master me- 
chanic of the Municipal Traction Com- 
pany, Cleveland, Ohio. 


Мк. B. T. Via, formerly electrical 
superintendent for the Arizona Smelt- 
ing Company at Humboldt, Arizona, 
has accepted the position of chief elec- 
trician with the Calumet and Arizona 
Mining Company at Bisbee, Arizona. 


MR. Тлугов S. Curtis, formerly lo- 
cated at Annapolis, Maryland, in con- 
nection with the single-phase installa- 
tion for the Maryland Electric Railways 
Company, has accepted the position of 
instructor in physics in the University 
of Cincinnati. 


Mr. А. S. KALENBORN has returned 
from Seattle, Washington, where he 
was in charge of the оћсе of Е. С. Baum 
& Company, to the main office at San 
Francisco, Cal. The work the company 
was doing at Seattle having been com- 
pleted, the office has temporarily been 
discontinued. 


Мк. P. E. Mitcue t, for the last four 
years general superintendent of the 
Knoxville Railway and Light Company 
has been appointed superintendent of 
power of the Brimingham Railway Light 
& Power Company, in direct charge of 
the power station and sub-stations at 
Birmingham, Ala. 


MR. А. BEMENT, consulting engineer, 
giving special attention to problems 
concerning coal production and utiliza- 
tion, furnace and boiler plant design, 
gas producer practice, and allied metal- 
lurgical branches of engineering, has 
moved to enlarged quarters at 2114 
Fisher Building, Chicago. 
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Мк. Ум. Н. Bnisror is now giving 
his entire attention to the management 
of the business of The Bristol Company, 
which includes the business of the Wm. 
Н. Bristol Electric Pyrometer Com- 
pany, formerly located at New York. 
His headquarters will be at Waterbury, 
Connecticut, until further notice. 


Mr. Dominco L. Мохјо, who has 
been representing the Westinghouse 
Electric and Manufacturing Company 
in Northern Mississippi, Ваз resigned 
from that company to assume the man- 
agement of the Cleveland Light and 
Power Company, at Cleveland, Missis- 
sippi, which property he recently pur- 
chased. 


MR. WILLIAM VAN DEN HEUVEL is 
now located at Los Angeles, due to the 
removal of the office of the United 
States Reclamation Service from Mad- 
ison, Wisconsin, to Los Angeles. He 
expects to remain in the service of the 
government as electrical engineer and 
assistant to the chief electrical engineer, 


Mr. O. H. Ensign. 


The New England Insurance Ex- 
change of which Mr. С. M. Goddard 1s 
secretary has moved its offices from 55 
Kilby Street to the Oliver Building, 141 
Milk Street, Boston, Mass. Mr. God- 
dard is also Secretary of the Under- 
writers’ National Electric Association, 
and President of the National Fire 
Protection Association. 


Mr. А. J. QUIGLEY, formerly assistant 
superintendent for J. G. White & Com- 
pany оп reconstruction of Tri-City 
public utility properties of Rock Island, 
Moline and Davenport, is now at Seat- 
tle, Washington, assistant under the 
Director of Works of the Alaska- Yukon- 
Pacific Exposition, being principally 
concerned with the electrical lavout re- 
quired for illumination, power, etc. 

MR. Н. D. LARRABEE has severed his 
connection with the National Light & 
Power Company, as electrical engineer, 
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in order to engage in general engineering 
work and contracting business with the 
Green Mountain Electric Company at 
Montpelier, Vermont, as member of 
the firm. They will do a general ccn- 
sulting business, also a line of general 
construction work, including interior 
work and plant designs and construc- 
tion. Е 


Мв. S. P. Grace, formerly chief en- 
gineer of the Central District & Print- 
ing Telegraph Company of Pittsburg, 
has been promoted to the position of 
general superintendent of plant, and 
will have charge of the designing, con- 
struction, maintenance and inspection 
of the company's plant, including real 
estate. This department will comprise 
what are now the engineering, con- 
struction, maintenance, right-of-way 
and Morse service departments. 


Books Received 
PRACTICAL IRRIGATION, ITS VALUE AND 
Cost. By Aug. J. Bowie, Jr. 232 
pages. Illustrated. New York: 
McGraw Publishing Company. 
1908. Price, $3.00 net. 
CONTENTS.—Chapter I.—What Irrigation has 
Accomplished. II.—Utnits in Use. III.— Meth- 
ods of Irrigation in Use. IV.—Evaporation. 
V.—Ditferent Sources of Water Supply. VI.-— 
Methods and Appliances for Obtaining Water. 
VII.—Wells. VIII.—Pumps and Pumping Ma- 
chinery. IX.—Irrigation Near Bakersfield. X. 
Economic Limit of Irrigation. XI.— Earth 
Tanks. XII.—Large Artificial Reservoirs. XIII. 
Large Reservoirs for the Storage of Artesian 
Water. XIV.—Economic Use of Reservoirs and 
Tanks. Appendix А. Appendix—Circular Em- 
bankments. Index. 


TELEPHONE Law. THE ORGANIZATION 
AND OPERATION OF TELEPHONE 
Companies. Ву А. Н. McMillam, 
А.В., L.L.B. 331 pages. New 
York: McGraw Publishing Com- 
pany. 1908. Price, $3.00 net. 

CoNTENTS.—Cha pter I.—The Choice of a State 
from whicn to Secure a Charter. II.—What the 

Charter Should Contain. JII.—Organization, 

Code of By-laws and Regulations. IV.— Keeping 

the Records of the Corporation. V.-—Federal, 

State and Municipal Franchises. VI.—Ordi- 

nances, Commonly Called Franchises, Providing 

the Regulations under which Telephone Com- 
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panies are Permitted to Build Lines in Munici- 
palities. VII.—Rates, Rentals and Charges. 
УПТ.— Rights of Way and Private Owners. IX. 
—Eminent Domain. X.—Location of Poles and 
Wires.  XI.—Respective Rights of Telephone 
Companies and Electric Light and Traction 
Companies. XII.— Building through Established 
Lead— Joint Occupation of Pole Lines. XIII.—- 
Subways and Underground Conduits.  XIV.— 
Cutting and Trimming Trees. XV.—Financing 
Plans and Securities. XVI.—Paragraph. XVII. 
—Taxation.  XVIII.—Questions of Damages. 
XIX.—Contracts, Fire Insurance, Employers’ 
Liability Insurance, Regulations and House 
Moving. Appendix of Forms. 


ELECTRICAL CONTRACTING. Shop Sys- 
tem, Estimating, Wiring Construc- 
tion Methods, and Hints on Get- 
ting Business. By Louis J. Auer- 
bacher. 155 pages. Illustrated. 
New York: McGraw Publishing 
Company. 1908. Price, $2.00 net. 

Contents.—Chapter I.—Shop System for 

Electrical Contractors. II.—Estimating on Con- 

tract Work. III.—Wiring Systems. IV.—Ex- 

posed Circuit Wiring. V.—Wiring with Wooden 

Moidings. VI.—Wiring with Flexible Conduit 

and Armored Cable.  VII.—Wiring with Iron 

Conduit. VIII.—Residence Wiring. IX.— 

Wiring for Direct-Current and Alternating-Cur- 

rent Motors. X.—Installation and Operation of 

Direct-Current Belted Generators and Switch- 

boards.  XI.—Electric Signals and Telcphone 

Systems. XII.—Special Lighting Devices. 

Index. 


Tug PLANE TABLE AND Its USE IN 
SURVEYING. By W. Н. Lovell. 49 
pages. Illustrated. New York: 
McGraw Publishing Company. 
1908. Price, $1.00 net. 


CoNTENTS.—Introduction. Forms of Plane 
Tables. Adjustment of the Alidade. Plane Table 
Triangulation. The Three-Point Problem. The 
Two-Point Problem. Centering the Plane Table 
over the Station. Vertical Angulation. Signals 
Land Surveys. Plane-Table Traverse. Projec- 
tions. Conclusion. Index. 


Notes ON Hypro-Evectric ПЕУЕТОР- 
MENTS. By Preston Player. 68 
pages. Illustrated. New York: 
McGraw Publishing Company. 
1908. Price, $1.00 net. 


Contents.—Chapter I.—Preliminary Deter- 
minations. II.—Methods of Procedure. III.— 
Engineering Examination. IV.—The Extent of 
the Market for Energy. V.—Cost of Energy 


Manufacture. VI.—Central Station Economics. 
VII.—Sale of Electric Energy. VIII.— Primary 
and Secondary Powers. IX.—Capital Costs. 


ELECTRICAL ENGINEER's РОСКЕТ-Воок. 
A Handbook of Useful Data for 
Electricians апа Electrical Engi- 
neers. By Horatio A. Foster. 1599 
pages. lllustrated. Fifth edition, 
completely revised and enlarged. 
New York: D. Van Nostrand Com- 
pany. 1908. Price, $5.00. 

Contents. — Electrical Section. — Symbols. 

Units, Instruments. Measurements. Magnetic 

Properties of Iron. Electromagnets. Properties 

of Wires and Cables. Properties of Conductors 


Carrying Alternating Currents. Dimensions of 
Conductors for Distribution Systems. Standard 


Symbols for Wiring Plant as Adopted by the. 


National Electrical Contractors’ Association. 
Underground Conduits and Construction. Cable 
Testing. Direct-Current Dynamos and Motors. 
Tests of Dynamos and Motors. Altermating- 
Current Machines. The Static Transformer. 
Standardization Rules of the American Institute 
of Electrical Engineers. Electric Lighting. Illu- 
minating Engineering. Electric Railways. De- 
terioration of Underground Metals Due to Elec- 
trolytic Action. Transmission of Power. Storage 
Batteries. Switchboards. Electricity Meters. 
Telegraphy. Wireless Telegraphy. Telephony. 
Uses of Electricity in the United States Army. 
Electricity in the United States Navy. Reson- 
ance. The Electric Automobile. Electrochemistry 
—Electrometallurgy. X-Rays. Electric Heating, 
Cooking and Welding. Mechanical Section. 
Foundations and Structural Materials. Steam. 
Water-Power. Shafting, Pulleys, Belting, Rope- 
Driving. Miscellaneous Tables. Power Required 
to Drive Machinery, Shops, and to do Various 
Kinds of Work. 


METRIC WEIGHTS WITH ENGLISH EQviv- 
ALENTS. By Hugh P. McCartney. 
83 pages. London: Е. & Е. М. Spon, 
Ltd. New York: Spon & Chamber- 
lain. 1907. Price, 50 cents. 


CoNTENTs.—Avoirdupois Weight. Kilos. Troy 
Weight. 


ELECTRICITY IN AGRICULTURE AND 
HorTICuLTURE. By Prof. S. Lem- 
strom. Illustrated. 72 pages. 
London: “ The Electrician ” Printe 
ing and Publishing Company, Ltd. 
New York: The D. Van Nos- 
trand Co. Price, $1.50 net. 
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Ofticers and Board of Standing Committees 
Directors, 1908-1909 
PRESIDENT EXECUTIVE COMMITTEE 
LOUIS A. FERGUSON, Chicago, 11. LOUIS A. FERGUSON, Chairman. 
139 Adams St., Chicago, Ill. 
JUNIOR PAST-PRESIDENTS. RALPH W. POPE, New York. 
SAMUEL.SHELDON, Brooklyn, N. Y. GEORGE A. HAMILTON, New York. 


HENRY GORDON STOTT, New York, М. Y. CALVERT TOWNLEY, New Haven, Conn. 
C. С. CHESNEY, Pittsfield, Mass. 


VICE-PRESIDENTS | WM. С. L. ЕСМ, Philadelphia, Pa. 


JAMES G. WHITE, New York, N. Y. JOHN J. CARTY, New York. 
W. C. L. EGLIN, Philadelphia, Pa. 


CUMMINGS C. CHESNEY, Pittsfield, Mass. 
BANCROFT GHERARDI. New York. М. Y. 


CALVERT TOWNLEY, New Haven, Conn. FINANCE COMMITTEE 


MANAGERS CALVERT TOWNLEY, Chairman. 
JOHN J. CARTY, New York, М. У. Consolidated Railway Co., New Haven, Conn 
A. М. SCHOEN, Atlanta, Ga. HAROLD W. ВОСК, New York. 
PAUL M. LINCOLN, Pittsburgh, Pa. BANCROFT GHERARDI, New York. 


PAUL SPENCER, Philadelphia, Pa. 


MORGAN BROOKS, Urbana, Ш. 
HAROLD W. BUCK, New York, N. Y. 
PERCY H. THOMAS, Montclair, М. J. 


BENJAMIN G. LAMME, Pittsburgh, Pa. LIBRARY COMMITTEE 


EDWARD CALDWELL, Chairman. 


DAVID B. RUSHMORE, Schenectady. N. Y. 239 W. 39th St., New York. 
W. G. CARLTON, New York N. Y. MAX LOEWENTHAL, New York. 
CHARLES W. STONE, Schenectady, N. Y. PHILIP TORCHIO, New York. 
H. E. CLIFFORD, Boston, Mass. Н. E. CLIFFORD, Boston, Mass. 
TREASURER W. С. CARLTON, New York. 
GEORGE A. HAMILTON, New York, N. Y. 
SECRETARY 
RALPH W. POPE, New York, N. Y. MEETINGS AND PAPERS COMMITTEE 
A. H. ARMSTRONG, Chairman. 
Schenectady, N. Y. 
PAST-PRESIDENTS С. Е. SKINNER, Pittsburgh, Pa. 
T. COMMERFORD MARTIN, 1887-8. RALPH D. MERSHON, New York. . 
EDWARD WESTON, 1888-9. H. H. NORRIS, Ithaca, М. У. 
ELIHU THOMSON, 1889-90. BION J. ARNOLD, Chicago, Ill. 
ALEX. GRAHAM BELL, 1891-2. JOHN J. CARTY, New York. 


FRANK J. SPRAGUE, 1892-3. 
EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 
FRANCIS B. CROCKER, 1897-8. 


A. Е. KENNELLY, 1898—1900. EDITING COMMITTEE 

CARL HERING, 1900-1901. GEORGE F. SEVER, Chairman. 

CHARLES P. STEINMETZ, 1901-2. Columbia University, New York 
CHARLES F. SCOTT, 1902-3. A. Н. ARMSTRONG, Schenectady, N. Y. 
BION J. ARNOLD, 1903-4. SAMUEL SHELDON, Brooklyn, М. У. 


JOHN W. LIEB, JR., 1904.5. 
SCHUYLER S. WHEELER, 1905-6. 
SAMUEL SHELDON, 1906-7. 
HENRY GORDON STOTT, 1907-8. 


ASSISTANT SECRETARY BOARD OF EXAMINERS 
FREDERICK L. HUTCHINSON, HAROLD W. BUCK. Chairman. 
33 West 39th Street, New York, N. Y. 49 Wall St., New York. 
H. H. BARNES, JR., New York. 
GENERAL COUNSEL MAURICE COSTER, New York. 
PARKER and AARON, D. C. JACKSON, Boston, Mass. 


52 Broadway, New York, №. У. W. G. CARLTON, New York. 
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STANDARDS COMMITTEE 


SAMUEL SHELDON, Chairman. 
Polytechnic Institute, Brooklyn, N. Y. 

S. W. STRATTON, Washington, D. C. 

C. P. STEINMETZ, Schenectady. №. Y. 

CLAYTON H. SHARP, New York. 

J. W. LIEB, JR., New York. 

B. A. BEHREND, Milwaukee, Wis. 

A. Е KENNELLY, Boston, Mass. 

CHARLES F. SCOTT, Pittsburgh, Pa. 

GANO DUNN, Ampere, N. J. 


CODE COMMITTEE 


F. A. С. PERRINE, Chairman. 

60 Wall St., New York. 
W. Н. BLOOD, JR., Boston, Mass. 
H. B. GEAR, Chicago, Ill. 
ARTHUR WILLIAMS, St. Louis, Mo. 
WASHINGTON DEVEREAU X, Phila., Pa. 
C. W. STONE, Schenectady, №. Y. 
H. S. WARREN, New York. 
JOSEPH C. FORSYTH, New York. 
FARLEY OSGOOD, Newark, N. J. 


LAW COMMITTEE 


H. G. STOTT, Chairman. 

600 West 59th St., New York. 
SAMUEL SHELDON, Brooklyn, N. Y. 
]. W. LIEB, JR., New York. 
A. E. KENNELLY, Boston, Mass. 
CHARLES F. SCOTT, Pittsburgh, Pa. 


SECTIONS COMMITTEE 


PAUL SPENCER, Chairman. 

Broad and Arch Sts., Philadelphia, Pa 
H. H. NORRIS, Ithaca, N. Y. 
D. B. RUSHMORE, Schenectady, N. Y. 
PAUL M. LINCOLN, Pittsburgh, Pa. 
H. R. KING, Chicago, Ill. 
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Special Committees 


RAILWAY COMMITTEE 


(Sub-com. of Meetings and Papers Committee. ) 


BION J. ARNOLD, Chairman. 

181 La Salle St., Chicago, Ш. 
GEORGE GIBBS, New York. 
N. W. STORER, Pittsburgh, Ра. 
H. ST. CLAIR PUTNAM, New York. 
E. Н. ANDERSON, Schenectady, N. Y. 


EDUCATIONAL COMMITTEE 


(Sub-com. of Meetings and Papers Committee.) 


HENRY H. NORRIS, Chairman. 
Cornell University, Ithaca, N. Y 
CHARLES F. SCOTT, Pittsburgh, Pa. 
С. О. MAILLOUX, New York. 
GANO DUNN, Ampere, М. J. 
H. E. CLIFFORD, Boston, Mass. 
CHARLES P. STEINMETZ, Schenectady, N.Y. 


HIGH-TENSION TRANSMISSION COMMITTEE 


RALPH D. MERSHON, Chairman. 
60 Wall St., New York. 
PAUL M. LINCOLN, Pittsburgh, Pa. 
W. S. MOODY, Schenectady, N. Y. 
C. C. CHESNEY, Pittsfield, Mass. 
W. N. RYERSON, Niagara Falls, N. Y. 


COMMITTEE ON CONSERVATION OF МАТ- 
URAL RESOURCES 


H. G. STOTT, Chairman. 
600 West 59th St., New York. 
CHARLES H. PORTER, Boston, Mass. 
У. H. BLOOD, jr., Boston, Mass. 
W. L. ABBOTT, Chicago, Ill. 
JOHN H. FINNEY, Atlanta, Ga. 
P. G. GOSSLER, New York. 
F. A. C. PERRINE, New York. 
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[Sept. 


Sections and Branches—Directory 


Name and when Organized. 


SECTIONS 
Atlanta............ Jan. 19, '04 
Baltimore......... Dec. 16, '04 
Boston..... pH Feb. 13, '03 
Chicago............ ..... 1893 
Cincinnati..... .... Dec. 17, '02 


Cleveland. ...... ..Sept. 27, '07 


Columbus......... Dec. 20, '03 
Fort Wayne....... June 12,'08 
Ithaca............ Oct. 15, '02 


Los Angeles. .. .. ...May 19, '08 


Mexico...... ....- Dec. 13, '07 
Minnesota.......... Apr. 7, '02 
Norfolk........... Mar. 13, '08 
Philadelphia....... Feb. 18, '03 
Pittsburg.......... Oct. 13, '02 
Pittsfield..........Mar. 25, '04 
San Francisco...... Dec. 23, '04 
Schenectady....... Jan. 26, ‘03 
Seattle............ Jan. 19, '04 
St. Louls.......... Jan. 14, '03 
Toledo....... ..... June 3, '07 


. Sept. 30, '03 
Urbana....... ....Nov. 25, '02 


Washington, D. C.. Apr. 9, '03. 


Chairman. 


J. H. Finney. 
J. B. Whitehead. 
A. E. Kennelly. 
H. R. King. 

A. G. Wessling. 
Henry B. Dates. 
R. J. Feather. 
E. A. Wagner. 


E. L. Nichols. 


R. F. Hayward. 
E. H. Scofield. 
R. R. Grant. 
Paul Spencer. 

C. E. Skinner. 

J. 1nsull. 

A. M. Hunt. 


D. B. Rushmore. 


J. Н. Harisberger. 


А. S. Langsdorf, 
C. R. McKay. 
W. A. Bucke. 
J. M. Bryant. 


Philander Betts. 


Secretary. 


G. J. Yundt. 
C. G. Edwards. 
A. L Pearson. 
J. G. Wray. 

A. C. Ludis: 
F. M. Hibben. 
H. L. Bachman. 
M. J. Kehoe. 


H. H. Norris. 


F. D. Nims. 

А. L. Abbott. 

F. W. Walter. 
H. F. Sanville. 
R. А. L. Snyder. 
H. L. Smith. 

G. R. Murphy. 
J. M. Knox. 
George H. Moore. 
Н.І. Finch. 
Geo. E. Kirk. 
W. G. Chace. 

E. B. Paine. 


L. D. Bliss. 


Regular Meeting. 


Ist Tuesday. 

2d Friday. 

3d Wednesday 

1st Tuesday after 
N. Y. meeting. 

3d Wednesday. 

3d Monday. 


1st Wedaesday. 


lst Friday after 
N. Y. meeting. 


MN . Y еы = 
2d Monday. 

Ist Wednesday. 

3d Friday. 

4th Friday. 

Every Friday. 

3d Saturday. 

2d Wednesday 

Ist Friday. 

2d Friday. 

Ist Wednesday afte: 


N.Y. meeting. 
2d Wednesday. 
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Sections and Branches-— Directory 


Name and when Organized. 


BRANCHES 


Univ. of Arkansas. . Маг. 


Armour Institute... Fcb. 


Univ. of Cincinnati .. Apr. 


Univ. of Colorado. .Dec. 


lowa State College. . A pr. 


Kansas State Agr. Col., Jan. 10, 


Univ. of Kansas. ... Маг. 


Lehigh University. .Oct. 


Lewis Institute..... Nov. 
Univ. of Maine..... Dec. 
Univ. of Michigan. . Mar. 


Univ. of Missouri. . Jan. 
Univ. of Montana. . May 
Montana Agr. Col. .May 
Univ. of Nebraska.. Apr. 
Ohio State Univ.... Dec. 


Oregon State Agr. Col., Mar. 24, 


Penn. State College. Dec. 


Purdue University. . Jan. 


Stanford Univ...... Dec. 


Syracuse Univ..... Feb. 


Univ. of Texas..... Feb. 


State Col. of Wash. . Dec. 


Washington Univ. .Feb. 


Univ. of Wisconsin. Oct. 


25, '04 
26, '04 
10, '08 
16, '04 


15, '03 


08 

18, '08 
15, '02 
8, '07 
26, '06 
25, '04 


10. '03 
21, '07 
21, '07 
10, '08 
20, '02 


08 
20, '02 
26, '03 
13, '07 


24, '05 


14, '08 


13, '07 


26, '04 


15, '02 


Worcester Poly. Inst.Mar. 25, '04 


Chairman. 


M. F. Thompson. 


T. C. Oehne, Jr. 
C. В. Wylie. 
H. H. Watters. 


Р. А. Fish. 
W. L. Enfield. 


Martin E. Rice. 
Н. О. Stephens. 
W. Н. Hayes. 


C. M. Davis. 


H. B. Shaw. 
Robert Sibley. 
B. S. Hind. 


George H. Morse. 


F. W. Funk. 


E. V. Hawley. 


D. К. Simpson. 
J. W. Esterline. 
W. C. North. 


W. P. Graham. 


А. C. Scott. 


H. V. Carpenter. 


C. M. Duncan. 


O. H. Ensign. 


L. W. Hitchcock 


Secretary. 


C. В. Rhodes. 
J. E. Snow. 
С. С. Buchanan. 


L. D. Jones. 


Adolph Shanc. 


W. С. Lane. 


` 


H. P. Broderson. 
J. A. Clarke, Jr. 


P. B. Woodworth. 


Gustav Wittig. 


H. F. Baxter. 


H. D. Carpenter. 
S. R. Inch. 

J. A. Thaler. 

L. E. Hurtz. 


F. C. Caldwell. 


E. C. Wiggin. 


C. D. Preston. 
H. T. Plumb. 
A. J. Gowan. 


R. A. Porter. 


B. F. Kenyon. 


M. K. Akers. 


W. E. Beatty. 


J. W. Shuster. 


W. D. Stearns. 


—^ a 


Regular Meeting. 


Alternate Mondays. 


Ist & 3d Thursdays. 


Ist and 3d Wednes- 
days. 


Ist and 3d Wednes- 
days. 


Alternate Thursdays 
2d Tuesday. 


2d Wednesday. 


1st and 3d Wednes- 
days. 


Ist and 3d Frida s. 
Ist Thursday. 


Ist Friday. 


Alternate Wednes- 
days. 


Every Wednesday 


Every Tuesday. 


1st and 3d Thurs- 
days. 


2d and 4th Fridays. 
3d Tuesday. 


2d and 4th Wednes- 
days. 


Every Thursday. 
4th Thursday 
[ (Public Meeting.) 


Alternate Fridays. 


26 SECTION AND BRANCH SECRETARIES [Sept. 


Section and Branch Secretaries 


AMES, IOWA.—ADOLPH SHANE, 
Iowa State College. 


ANN ARBOR, MICH.—H. F. BAXTE 

556 S. State St. 
ATLANTA, GA.—G. J. YUNDT, 
Sd theca Bell Tel. & Tel. Co. 


AUSTIN, TEXAS.—B. F. KENYON, 
University of Texas 


BALTIMORE, MD.—CHAS. G. EDWARDS, 
Electrical Commission, City Hall 
BETHLEHEM, PA.—J. A. CLARKE, Jr., 
Lehigh University. 


BOSTON, MASS.—A. L. PEARSON, 
93 Federal St. 


BOULDER, COLO.—H. S. BUCHANAN, 
University of Colorado. 


BOZEMAN, MONT.—J. A. THALER 
Montana Agricultural College. 


CHICAGO, ILL.—J. E. SNOW 
Armour Inst. of Technology. 


CHICAGO, ILL.—P. В. WOODWORTH, 
Lewis Institute. 


CHICAGO, ILL.—J. С. WRAY, 
Chicago Telephone Co. 


CINCINNATI, О.—А. C. LANIER, 
niversity of Cincinnati. 


CINCINNATI, 0.—C. C. BUCHANAN, 
University of ‘Cincinnati. 


CLEVELAND, 0.—F. M. HIBBEN, 
10207 Wilbur Avenue. 
COLUMBIA, MO.—H. D. CARPENTER, 
University of Missouri. 
COLUMBUS, О.—Е. C. CALDWELL, 
Ohio State University. 
COLUMBUS, О.—Н. L. BACHMAN, . 
533 South 3d St 
CORVALLIS, ORE.—E. C. WRIGHT 
Oregon Agr. College. 


FAYETTEVILLE, ARK.—C. R. RHODES, 
University of Arkansas. 


ITHACA, М. Y.—H. Н. NORRIS, 
Franklin Hall, Cornell University. 


LAFAYETTE, IND.—H. T. PLUMB, 
Electrical Eng. Dept., Purdue University 


LAWRENCE, KAN.—H. P. BRODERSON, 
University of Kansas. 


LINCOLN, NEB.—L. E. HURTZ, 
Lincoln Tel. Co. 


MADISON, WIS.—J. W. SHUSTER, 
University of Wisconsin. 


MANHATTAN, KAN.—W. C. LANE, 
Kansas State Agr. College. 


CITY OF MEXICO.—F. D. NIMS, 
Mexican Light & Power Co. 


MISSOULA, MONT.—S. R. INCH, 
Univ. of Montana. 


NORFOLK, VA.—F. W. WALTER, 
National Bank of Commerce. 
ORONO, MAINE,—GUSTAV WITTIG, 
University of Maine. 
PENN. STATE COLLEGE,PA.—C. D. PRESTON, 
Penn. State College. 
PHILADELPHIA, PA.—H. F. SANVILLE, 
1122 North American Building. 


PITTSBURG, PA.—R. А. L. SNYDER, 
1332 Fulton Building 


PITTSFIELD, MASS.—H. L. SMITH, 
Stanley-G. I. Elec. Mfg. Co 


PULLMAN, WASH.—M. K. AKERS, 
State College of Washington 


ST. LOUIS, MO.—C. M. DUNCAN, 
Washington University. 


ST. LOUIS, MO.—H. I. FINCH, 
5217 Morgan Street. 


ST. PAUL, MINN.—A. L. ABBOTT, 
165 E. 4th St. 


SAN FRANCISCO, CAL.—G. R. MURPHY, 
11 Hawthorne St., San Francisco. 


SCHENECTADY, М. У —]. MASON KNOX, 
General Electric Co. 


SEATTLE, WASH.—GEORGE H. MOORE, 
1726 Harvard Ave. 


STANFORD UNIVERSITY.—A. J. GOWAN, 
Leland Stanford, Jr., University. 


SYRACUSE, М. Y.—R. A. PORTER 
Syracuse University. 


TOLEDO, OHIO.—GEO. E. KIRK 
The Nicholas. 


TORONTO, ONT. —W. CHA 
51 Cd dem Е ife Building. 


URBANA, ILL. —ELLERY B. PAINE, 
University of Illinois. 


WASHINGTON, D. C. —PHILANDER BETTS, 
Metropolitan Bank Bldg. 


WORCESTER MASS.—W. D. STEARNS, 
Worcester Poly. Inst. 


Local Honorary Secretaries 


JAMES S. FITZMAURICE, 
210 George St., Sydney, N. S. W. 


H. F. PARSHALL, 
Salisbury House, London Wall E. C., London. 


ROBERT B. OWENS, 
McGill University, Montreal, P. Q. 


WILLIAM B. HALE, 
Cadena 10, City of Mexico. 


W. С. T. GOODMAN, 
Adelaide, South Australia. 


ROBERT J. SCOTT, 
Christ Church. New Zealand 
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October Meeting 


TUE first meeting of the Institute 

in New York for the year 1908— 
1909 will be held in the auditorium of 
the Engineers’ Building, 33 West 
Thirty-ninth street, on Friday, October 
9, at 8 p.m. Messrs. Peter Junkersfeld 
and E. O. Schweitzer, of the Common- 
wealth Edison Company of Chicago, 
will present a paper entitled '' High- 
Potential Underground Transmission ”. 


Fewer Papers 


T has been obvious for several years 
that ccntinual increase in the 
number of papers presented at the 
monthly meetings of the [Institute 
would eventually interfere with Нее 


EDITORIAL 1 


discussion, and that some change in 
policy was inevitable. The Meetings 
and Papers Committee proposes tc ac- 
cept but one paper for each meeting 
during the present season, to be fol- 
lowed by prepared discussicn, closing 
not later than ten o'clock, at which hour 
open discussion will be invited. While 
the adoption of this practice is likely 
to diminish the number of papers, it 
should raise the standard of excellence, 
and make it necessary for authors to 
arrange for dates earlier in the season. 
Possibly another result may be an in- 
crease in the number of original papers 
available for Sections meetings. А sim- 
ilar policy will be adopted for the an- 
nual convention, and it is hoped that 
the membership will appreciate the 
necessity of economizing in the time 
heretofore required for carrying cut 
the programs, which have been growing 
from year to year, until the problem of 
properly caring for them has become 
serious. 


Elevator Facilities 


INCE the library has been open 
evenings, and the number of meet- 
ings held in the Engineers’ Building has 
increased, it has been found necessarv 
to install an additional elevator, fcr 
which space was allowed in the design- 
ing of the structure. The contract was 
given out early in the summer by au- 
thority of the Board of Trustees of the 
United Engineering Society, and the 
elevator is now available. - 


Scientific Forestry 


N spite of the recent and extensive 
* interest shown in the subject of 
forestry, there has been little known re- 
garding practical work in this country. 
An opportunity wil be offered at 
Biltmore, №. C., in November next 
for a thorcugh examination of the re- 
sults of twenty vears scientific forestry 
on the Vanderbilt property. АП mem- 
bers interested in this work are invited 
to attend. Details of the proposed 
celebration are given on another page. 
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Electric Cables* 


By Н. W. FisHER. 

The subject of electric cables, in its 
entirety, is so broad that several papers 
would be necessary to do it full justice. 
Much could be written about the ma- 
terial entering into the construction of 
cables, much about the manufacture of 
cables, and a great deal about the test- 
ing and installation of cables. А de- 
scription of the different kinds cf cable 
and the use for which they are intended 
would of itself be enough for one paper. 
In addition to all this, the subject of 
cable data such as would be of interest 
or benefit to operators or consulting 
engineers covers a large and only 
partly explored field. Under this head- 
ing may be mentioned tests to deter- 
mine the eddy current losses in the 
conductors and lead covers of various 
sized cables transmitting alternating 
currents, variation of impedances of 
armored cables and of ordinary cables 
with and without the lead covers con- 
nected at each end, dielectric. losses, 
current carrying capacities, etc. 

Amongst recent papers dealing with 
cable problems may be mentioned the 
following: 

1. * Power Losses in Dielectrics With 
High Voltage Alternating Currents, by 
Paul Humann, in the Elektrische Bahnen 
U. Betriebe, commencing August 24, 
1906. 

2. ‘ The Theory of Alternating Cur- 
rent Transmission Cables," bv C. V. 
Drysdale, in the London Electrician, 
commencing December 6, 1907. 

3. " The Dielectric Strength of Insu- 
lating Materials and the Grading of 
Cables," Бу A. Russell, commencing 
the Electrical Review, Nov. 16, 1907. 
This paper was read before the Institu- 
tion of Electrical Engineers of England. 

It is thought best first to speak of 
the recent tvpes of cables, terminals, 
etc., submitting for inspection samples 


of the same, and then take up some of 
ELA zi 
* A paper read ty Henry W. Fisher before а 
meeting of the Pittsburgh Section, February 5, 
1908, and before ghe Toledo Section, February 7, 
1903. 
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the theoretical consideration showing 
along what lines improvements may 
be made to meet probable future rc- 
quirements. 

Tclegraph cables. The telegraph com- 
panies both here and abroad are now 
using dry-core cables with paper insu- 
lation so as to reduce the electrostatic 
capacity to a minimum. Where these 
cables are used for the transmission of 
telegraph signals over long distances, 
twisted pairs are employed, or else the 
cable is made up of a number of groups 
of four conductors, the diagonally 
opposite wires of each group being used 
for each circuit. Telegraphic service 
is now being conducted over cable 
more than 125 miles long, and it is 
possible through this distance to operate 
quadruplex and Wheatstone instru- 
ments successfully. 

Telcphone cables. In the use of tele- 
phone cables, a low electrostatic ca- 
pacity is desirable, indeed it is very 
essential where telephonic transmission 
has to be conducted over long distances. 
Telephone cables are made commercially 
with capacities ranging between 0.12 
and 0.08 microfarads per mile. The 
size of conductors employed runs from 
No. 22 to No. 13 B. € S. gauge. Re- 
cently there has been considerable de- 
mand for the larger size wires such as 
No. 16, 14, and 13. Such wires are 
generally used for.toll and long-distance 
service. Practically all of the Bell 
Telephone Company's specifications re- 
quire a mutual capacity test. By 
this is meant the capacity between 
one wire of a pair and its mate, with the 
other wires connected to the lead cover 
of the cable. This capacity is about 
two-thirds of the capacity by the old 
method, which consisted in testing each 
wire against all the other wires grounded 
to the lead cover of the cable. Some 
of the recent requirements оп No. 16 
and 13 wires specify a mutual test of 
0.065 microfarads per mile. 

With the use of the Pupin coils for 
helping to neutralize the effects of 
capacity, Ц was found that telephonic 
disturbances due to a condition of 
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unbalance between adjacent pairs in a 
telephone cable were greatly accen- 
tuated by the use of said coils. An 
apparatus was, therefore, designed by 
the Bell Telephone Company for mea- 
suring the amount of unbalance capacity 
between wires of adjacent pairs, and 
this led to a new specification which 
required that the average mutual 
capacity unbalance between adjacent 
pairs should not exceed 0.000025 
microfarads. By exercising extreme 
care and special methods of manufac- 
ture the above specifications can be 
complied with. 

Electric lizht and pouer cables. Paper 
varnished cloth, and rubber are the 
three Kinds of insulation which are 
mostly used in the manufacture of the 
above kinds of cable. Paper insulated 
cables are now being used commercially 
on circuits running as high as 22,000 
volts and are giving excellent satis- 
faction. When there is a demand for 
cables to operate at higher voltages 
than 22,000, paper cables will по doubt 
be supplied, although at the present 
time it 1s difficult to predict what the 
ultimate maximum voltage limit will 
be. Refined laboratory experiments 
indicate great pcssibilities for paper 
insulated cables. 

Paper insulated cables are made up 
in a great variety of forms such as 
single conductor, duplex, triplex, mul- 
tiple, and concentric. On account of 
the difficulty of making joints the con- 
centric is not used very extensively in 
this country. Millions of feet of three- 
conductor, paper-insulated cable are 
now working at 11,000 volts in a very 
successful manner. The better forms 
of paper cables are saturated with a 
soft oily compound. The insulation 
resistance of such cables is low but the 
most important consideration, dielectric 
strength, is high. A soft compound 
has to be employed so that the cables 
can be bent without liability to crack 
the paper or compound. 

In a special form of cable the con- 
ductors forming the strand are laid over 
а lead pipe, then +; in. of saturated 
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paper is applied and then a lead cover 
q% in. thick. This type of cable is de- 
signed more for power house work 
where conductors may have to carry 
an unusually large amount of current 
in order to save floor or wall space. 
The cable on exhibition consists of 
500,000 cir. mils, and а comparison 
between it and the regular 500,000- 
cir. mil cable with the same thickness 
of insvlation gave the following results: 

The hole in the center lead pipe of the 
special cable was дұ in. and the thickness 
of lead фу in. The outside diameter of 
the finished cable was 1 $$ in. while 
that of the regular cable was 1 $} in. 

The cables were laid upon a wooden 
floor about one foot apart and the same 
current passed through both of them. 
In the strand of both conductors was 
inserted a thermal couple by means of 
which an accurate detern.ination of the 
temperature of the conductor was ob- 
tained. With a current of 600 am- 
peres the final rise of temperature 
above the air was, for the regular 
cable, 93? fahr. and for the special 
cable 69° fahr. Here no attenipt was 
made to cool the conductor of the special 
cable by the circulation of oil through 
the inner lead pipe. Ву doing this the 
cable could be operated at a much 
greater current carrying capacity, and 
if the system were large the heat of the 
hot oil might be used for special pur- 
poses. 

Paper insulated cables should be 
tested for insulation resistance, and a 
potential test of from two to two and 
a half times the normal working voltage 
should be applied. Paper insulation, 
not being waterproof, must always be 
protected by means of a lead cover. 

There are a great variety of terminals 
on the market for prctecting the ends 
of cables. Two open-air terminals are 
of special interest. These are molded 
hot from plastic material that does not 
absorb moisture. А cable connected 
to one of these is perfectly protected 
from rain, the petticoat insulator in- 
suring a good insulation between the 
conductor and lead cover. The larger 


4 PROCEEDINGS OF А.Т. Е. Е. 


one is for 11,000 volts' service and the 
smaller for voltages up to 2500. In a 
rain storm, over 35,000 volts are re- 
quired to flash over from the connecter 
of the larger terminal to the lead cover 
of the cable. The methcd of connecting 
this terminal will be explained later. 

During the last few years so much 
has been written about rubber insula- 
tion that not much time will be given 
to it here. Very seldom 15 there any 
call for a better compound than 40% 
para rubber, but there has been con- 
siderable demand for 30% para and 
many specifications have been devised 
to make the requirements of such a 
nature that compliance therewith neces- 
sitates the use of full 30% para and no 
rubber of inferior grade. If all rubber 
cables had to be made of 30% para, 
the cost would be so great that there 
would not be much demand for them. 
By the use of cheaper grades of rubber 
and other materials that have been 
found to possess valuable insulating 
qualities, rubber cables are made that 
cost much less and still make a splendid 
showing when tested for insulation re- 
sistance and high voltage. There is no 
doubt but that each of the reputable 
rubber-covered wire manufacturers has 
made and tested many different kinds 
of rubber compounds and thus is in 
position to furnish cables best suited 
to any particular condition and те- 
quirement. 

There is less demand fcr rubber in- 
sulated cables: on account of their 
greater cost over that of paper insu- 
lated cables. Rubber insulated cables 
must not be subjected to too great tem- 
peratures because of the possible de- 
centralization of the copper strand due 
to a softening of the rubber compound. 
For submarine work, rubber insulated 
cables with steel-wire armor 1s generally 
used. Where cables are buried in the 
ground, two steel tapes wrapped over 
a bedding of tute are frequently used. 

With reference to improvements 
that may be made in different kinds of 
cables, it is not likely except in very 


special cases that the electrostatic 
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capacity of telephone cables will be 
very much reduced. To make the 
capacity much less would require an 
enormous increase in the size of the 
cables. Moreover, while it is a com- 
paratively easv undertaking to enclose 
a large amount of air when the con- 
ductor is not insulated to a large 
diameter, it is a much more difficult 
thing to keep the same relative propor- 
tion of air when the diameter of the 
insulated wire is made very large. 1% 
is, of course, possible that still larger 
wires may be used for telephone pur- 
poses, but since the introduction of 
Pupin coils, there is not the same 
necessity cf making cables with a 
very low capacity cr large size of con- 
ductcr. 

Probably each manufacturer of cables 
has his own idea of how improvements 
may be made in the construction of 
electric light cable. When the demand 
arises for 40,000-volt cables, they 
undoubtedly will be made. The one 
thing that tends to retard manufac- 
turers from taking too great risks in 
this direction is the fact that we do not 
know what will be the effect of time on 
different dielectrics. There is no dim- 
culty in making cables that will with- 
stand a 100,000-volt test in the fac- 
tory, but it cannot be said with any 
assurance that such a cable will operate 
successfully for five vears, at 40,000 
volts. | 

Looking at these subjects from а 
theoretical standpoint, a cable of the 
most perfect form should have a graded 
insulating material. Ву this is meant 
that the capacity of the insulation next 
to the conductor must be highest and 
that near the lead cover must be 
lowest. If this is not done, the voltage 
strain on the insulation is greatest at 
the conductor. The theoretical laws 
are so well known that it is possible 
to caleulate the voltage stress at any 
point of the insulaticn, and theoretically 
it should be possible to make a cable 
where said stress is uniform all the way 
from the copper to the lead. In prac- 
tice this cannot be done but we can 
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approximate the theoretical condition 
in some styles of cable. 

There has been considerable criticism 
as to whether the apparently the- 
oretical laws in regard to this matter 
are really correct. Some writers have 
boldly asserted that certain tests which 
they have. made did not confirm theory. 
It is so difficult to make cables which 
are perfectly uniform that any attempt 
to prove that theory and practice agree 
can hardly be done by the manufacture 
by tests of different kinds of cable 
having different sizes of conductors 
and different thicknesses of insulation. 
The writer has in mind a method by 
which he thinks the laws of grading can 
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be investigated and he expects to carry | 


out experiments of this nature during 
the present year. 

Mr. O'Gorman was one of the first 
persons to speak in a prominent way 
regarding the subject of grading cables. 
Two or three articles of his appeared 
in the Londen Electrician about eight 
or nine years ago. Mr. E. Jona pre- 
sented a most able paper on the same 
subject at the International Electric 
Congress in St. Louis on Sept. 13, 1904. 

The equivalent of grading can be 
done by emplcying a material of very 
high dielectric strength next to the ссп- 
ductor, and on tcp of this using a ma- 
terial of less dielectric strength, and so 
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on gradually decreasing the dielectric 
strength by the use of cheaper materials 
until the requisite thickness of insula- 
tion is obtained. This method has 
also been employed by some of the cable 
manufacturers. Only a few of the 
problems that come up before the cable 
manufacturer are mentioned here, but 
as a matter of fact there are many 
intricate ones, the mathematics of 
which is extremely complicated. 


New Home of the Institution of 
Electrical Engineers 

On June 30, after considerable but 

chiefly favorable discussion, it was unan- 

imously resolved by the Institution 
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1—Cross-section of I. E. E. Building 


of Electrical Engineers to secure the 
building on the Victoria Embankment, 
known as the Medical Examination 
Hall, from the Royal College of Physi- 
cians and the Royal College of Sur- 
geons, and make it the home of the 
Institution. 

The building stands on the Victoria 
Embankment, facing one of the Em- 
bankment Gardens, and is situated be- 
tween the Savoy Hotel and Waterloo 
Bridge. It is midway between Charing 
Cross and Temple stations on the 
District Railway, and is within a few 
minutes' walk of Waterloo, Charing 
Cross, and St. Paul's stations, and is 
close to the new Strand station of the 
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underground electric railways. И is 
almost at the point of junction of the 
tramways of the north and south of 
London. It is reached from the Strand 
by Savoy street and Savoy Hill. 

The building occupies nearly a 
square site (over 20,000 sq. ft). It 
comprises three floors and a basement, 
and has a lecture theatre in addition 
to a large number of very handsome 
well-lighted lofty rooms. The building 
contains a floor space, exclusive of 
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The І. E. E. and its Local 


Sections * 

" Before I sit down I should like, with 
your permission, to refer to two events 
of the past year which are, I think, of 
some importance. Їп the first place, 
with this year a somewhat novel pro- 
cedure as to dealing with papers to be 
read before the Institution is to be 
inaugurated. Hitherto, the Local Sec- 
tions of the Institution have acted 
without any very close coóperation 
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corridors, entrance halls, and passages, 
of more than 40,000 sq. ft. 

'The property 15 taken on a lease which 
has 76 years to run, and against which 
an annual sum of $1,000 will be set off 
for amortization. The building is hand- 
some and commodious. For some time 
to come the Institution will not reauire 
all of it, but will be able to house a few 
kindred societies, after the manner of 
the Engineers’ Building in New York. 


amongst themselves, or without any 
уегу well organized endeavor to work 
together for the whole benefit of the 
Institution. That matter has been 
under careful thought and considera- 
tion during the past year, with the 
result that it appeared that our plan of 
procedure in dealing with papers might 
be modified so as to strengthen the 


* Excerpt from remarks of Dr. R. T. Glaze- 
brook retiring President of lnstitution of Elec. 
trical Engineers, November 14, 1907. 
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Institution, and obtain for each mem- 
ber more of the value of the work of 
individual members. In the past, papers 
have been read at the Local Sections 
and then have been sent up to London, 
where they have come befure the 
Papers Committee and the Council, 
and after discussion it has been de- 
cided whether or not they were to 
appear in the Journal. By the new 
arrangements that procedure is to be 
altered. The constitution of the Papers 
Committee has been changed, and it 
now consists of representatives of all 
the Local Sections as well as of repre- 
sentatives of the Council. Every paper 
which is to be read before the Institu- 
tion or before one of the meetings of 
the Local Sections will come before that 
Committee before being read. The 
Committee will then make recommenda- 
tions to the Council as to which of all 
these papers should be selected for 
reading and discussion at a general 
meeting in London. Those papers 
and,all the other papers will be open to 
all the Local Sections for inclusion in 
their programmes, and an endeavor 
will be made to read them in the various 
centres as nearly as possible at the 
same time as they are read in London, 
so that the discussion of them will take 
place as nearly as possible simul- 
taneously. By this means it will be 
possible to focus round any point of real 
interest or novelty all the talent of the 
members of the Institution, and it 1s 
hoped that in that way our work will be 
strengthened, that it will be made more 
useful. Гат glad to reccgnize the way 
in which the Local Sections are coming 
forward and coóperating with the 
Council in that work. You will hear a 
little later in the evening the list of 
papers that is passed for the present 
Session, and then you will feel, I am 
sure, that this new school has begun 
under extremely good auspices, and if 
likely to lead to results of very real 
value.” 
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Evening Courses at Columbia 


Columbia University will ofler at night 
during the year 1908-09 twenty evening 
courses especially adapted to the needs 
of technical and professional workers. 
This includes work inappiied mechanics, 
applied physics, architecture, clectricity, 
fine arts, industrial chemistry, mathe- 
matics, and surveying and structures. 
The work begins on October 26, and 
continues for twenty-five wecks. A 
full description of the courses is con- 
tained in the announce:nent of exten- 
sion teaching, which may be obtained on 
application to the director of extension 
teaching. Columbia University, New 
York City. 


October Meeting A.S.M.E. 


The season of professional meetings 
of The American Society of Mechanical 
Engineers will be opened on Tuesdav 
evening, October 13 by a meeting of the 
gas power section in the Engineers’ 
Building at 33 West 30th street, New 
York. Mr. H. L. Doherty, chairman 
of the meetings committee of the sec- 
tion, will present for discussion а re- 
port outlining plans for future work; 
there will also be a discussion of stan- 
dards to be used in gas power work. 
Two papers will be read, one by E. A. 
Harvey on gas producer plants, with 
data upon costs, performance, etc.; 
and one bv N. T. Harrington giving 
the results of tests to deternune the 
loss of fuel weight in a freshly charged 
producer. due to increase of ash con- 
tents in the fuel bed. The first paper 
wil be illustrated by lantern slides, 
showing actual plants and plans for 
the arrangement of apparatus. 


Forestry at Biltmore 


The forestry department of the 
Biltmore Estate propose celebrating 
the twentieth anniversary of forestry 
at Biltmore together with the tenth 
anniversary of the Biltmere Forest 
School, on November 26, 27, and 2S, 
They extend to professional engineers 
and others interested а cordial invita- 
tion to attend the meeting. 
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Dr. С. A. Schenck, director, announces 


as a tentative program the following: 
b Thursday, November 26, Excursion 
over the Biltmore Estate, leaving 
Biltmore Village in carriages at 9:30 
a.m. Inspection of the forest planta- 
tions of numerous hard and soft woods 
made between the years 1889 and 1905. 
Study of planting operations in actual 
progress. The director will explain the 
situation and purposes in view both 
from a sylviculture and financial stand- 
point. In the evening dinner at the 
Batterv Park hotel. 

Friday, November 27, Visit to Bilt- 
more herbarium. Biltmore nurseries, 
inspection of the aericultural depart- 
ment of the estate, and study of seed 
regeneration of yellow poplar in com- 
partments 102 and 104. In the evening, 


‘possum hunt on the estate with 
barbecue. 
Saturday, November 28, Excursion 


by train to Pisgah forest, thence in 
carriages to the mountain forests; study 
of logging operations, and of second 
growth obtained in primeval forests 
logged conservatively іп 1895. Lunch 
in the camps. Fishing and shooting 
in the afternoon. Pedestrians mav 
ascend Mt. Pisgah (nearlv 6,000 ft.) 
at sunset, spending the night at the 
huriting lodge. 

Young as it may seem, forestry at 
Biltmore, in the woods and in the 
school, is the oldest of its kind on the 
American soil. There is not a better 
opportunity in the United States to 
study practical forestry than at Bilt- 
more; side Бу side with primeval forests, 
whose beginning antedates the dis- 
covery of America, are to be seen 
embryo-forests of 1908. Especially of 
absorbing interest to the engineer must 
be the results of afforestation on 2500 
acres of fields abandoned by the farmer. 

Apart from transportation and hotel 
bills the only expense connected with 
the occasion will be a fee of 310 per 
capita to defray the sundry extra- 
ordinary expenses incidental to a 
gathering of the kind. 

Dr. C. А. Schenck, and Mr. C. E. 
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Waddell, Biltmore, №. C., will be 
pleased to assist in securing accommo- 
dations and rates for intending visitors. 


Applications for Election 

Applications have been received by. 
the secretary from the following can- 
didates for election to the Institute as 
Associates; these applications will be 
considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting 
to the election of any of these can- 
didates should so inform the secretary 
before November 1, 1908. 


7812 Oppenheimer, Baltimore, Md. 

7813 Bass, Joseph E., Los Angeles, Cal. 
7814 Beckwith, J. W., Newport, Wash. 
7815 Bell, Edwin A., Stroudsburg, Pa. 
7816 Bollschweiler, C. F., Los Angeles. 
7817 Calangis, Arthur A., N. Y. City. 
7818 Cannon, Fred K., Chicago, Ill. 

7819 Cisneros, Anibal, Ithaca, N. Y. 

7820 Cook, Edgar W., Los Angeles, Cal. 
7821 Dyer, Isaac T., Los Angeles, Cal. 
7822 Edwards, Joseph P., Chico, Cal. 
7823 Feig, Paul Roy, New York City’ 
7824 Fisher, Allen H., Zamora, Michoa- 

can, Mexico. 

7825 Hatch,FrankS., Woods Cross, Utah. 
1826 Herbert, George S., Celaya, Mex. 
7 Hyde, Edw. P., Washington, D. С. 
7828 Jackson, J. G., Bensonhurst, L. I. 
7829 Judson, С. B., Los Angeles, Cal. 
7830 Kerns, R. W., Anaconda, Mont. 
Lee, Harold H., Sherman, Cal. 

7832 Landsborough,T.R.,Tonopah, Nev. 
7833 Mackness, С. F., London, Eng. 

7834 Mann, R. B., Nogales, Arizona. 

7835 Meinig, R. E. A., New York City. 
7836 Plowden, J. O., Los Angeles, Cal. 
т Richmond, Сай A., Chicago, II!. 
7838 Seymour, J. F. Jr., Los Angeles. 
7839 Trov, M. O., Schenectady, N. Y. 
7840 Ward, Henry J., Chicago, Ш. 

Widmer, Henry, New Orleans, La. 
Wolff, Mark Arthur, Chih, 5. А. 
Yeager, L. B., Los. Angeles, Cal. 
. Gilman, Wm. F., Cristibal, С. Z. 
7845 Cumming, Е. J., Edmonton, Alta., 
7546 Weber, T. J., Grand Rapids, Mich. 
7847 Acheson, А. R., Syracuse, №. Y. 
7848 Collbohm. Max H., Madison, Wis. 
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7849 Goldback, M. G., Norfolk, Va. 
18530 Mackenzie, Н. A., Kashmir, India. 
7851 Tessier, E. L., Richmond, Va. 
7852 Vance, Champ. S., Los Angeles,Cal. 
7823 Riley, 6. A., Los Angeles, Cal. 
7854 Perfy, J. F., Los Angeles, Cal. 
1859 Carter, C. H., Los Angeles, Cal. 
7856 Taylor, A. A. W., N. Sydney, N.S. W. 
1857 Roake, Chester H., Chico, Cal. 
1858 Lowell, H.G.,EastTempleton,Mass. 
7859 Harvey, В. H., Bahia, Brazil. 
1860 Hobson, H. E., Dallas, Texas. 
7861 Phinney, Edw. А.. Ouray, Col. 
1862 Trumbo,E. G., East Las Vegas, N M. 
1863 Farmer, Р. H., Hamilton, Ont. 
1864 Millar, T. R., Brockport, N. Y. 
7865 Lubbert, С. L., San Francisco, Cal 
1866 Seafler, C. A., Christchurch, М. 2. 
7867 Abbott, W. H., Cleveland, Ohio. 
7868 Eastwood, Н. W., Cleveland, О. 
1869 Burns, А. E., Portland, Oregon. 
7870 Bowker, Wm. R., Ios Angeles, Cal 
1871 Finkle, F. C., Los Angeles, Cal. 
7872 Kimura, Komakichi, Osaka, Japan 
7873 Van Deventer, Н. R., Sumter, S.C. 
1574 Barrow, C. J., Schenectady, N. Y. 
7575 Boisen, L. N., Grand Rapids, Mich 
7876 Clark В. J., Leadville, Coloradc. 
(4 Hattersley, Н. A., Ft. Wayne, Ind. 
78 Manahan, F. T., McAlester, Okla. 
:9 Runge, Walter, Newark, №. ]. 
Eotf, B. M., Schenectady, №. Y. 
Frank, Dr. Karl Georg, №. У. City. 
#882 Richter, Henry, Chicago, Ш. 
Total, 71. 


N 
c 


“1 21 К ~ 
р D 


2 


Sections and Branches 


PITTSBURG SECTION. 

The first meeting of the Pittsburg 
Section for the year 1908-1909 was held 
in the lecture hall of the Carnegie Insti- 
tute on September 9, 1908. Besides 
the reading of the papers, the following 
oflicers were elected for the ensuing year: 

Chairman, Mr. W. Edgar Reed. 

Secretary, Mr. B. P. Rowe. 

Executive Committee, 

Mr. C. B. Auel, 

Mr. B. Rutherfoord. 
Mr. F. Uhlenhaut, Jr., 
Mr. C. W. Davis, 

Mr. E. B. Tuttle, 

Mr. Ludwig Hommel. 
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Mr. F. D. Newbury abstracted J. L. 
Woodbridge's paper on '' The Applica- 
tion of Storage-Batteries to the Regula- 
tion of Alternating-Current Systems." 
He explained how batteries are used 
in connection with synchronous con- 
verters having two-part split-pole pieces 
and also converters having three-part 
pole pieces. 

Mr. R. L. Flanders read a paper on 
the ‘ Relay Type of Load Regulators 
for Storage-Battery Systems." Не 
showed bv diagrams how happily a 
relay can be used together with a bat- 
tery to regulate the supply of alter- 
nating current through a converter to 
produce a satisfactory supply of direct 
current. 

Mr. P. M. Lincoln said that most 
electrical engineers are under the im- 
pression. that the ratio of the direct 
current to the alternating current in a 
synchronous converter is fixed, for two- 
phase being 1 to 0.7 and for three- 
phase 1 to 0.6. These ratios do not 
hold exactly, and it has been known 
that by trimming the pole pieces and 
giving the proper back charge the ratios 
could be modified. Mr. Woodbridge 
has suggested changing the field form 
in order to change the alternating cur- 
rent and direct current ratio. The 
two-part pole piece converter has the 
advantage of combining the functions 
of a converter and regulator. The 
disadvantages are that it will probably 
be more expensive, have a distorted 
wave-form, the power-factor cannot be 
made unity, conditions are favorable 
for resonance with large cable systems, 
and also favorable for hunting. 

Mr. J. L. Davis discussed Mr. Fessen- 
den's paper on '' Wireless Telephonv." 
He explained how the energy begins 
to flow out into space from the antenna 
harp when the frequency becomes 
850,000 and from that on to 100,000 
the energy radiated increases from 0% 
to nearly 100¢6¢. He also explained 
the design of a high-frequency genera- 
tor, the arrangement of  Poulsen's 
arc. and the marginal method of tuning 
invented by Fessenden. 
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Mr. E. B. Tuttle spoke of the method 
of relaying telephone messages from 
wire lines to wireless transmitters and 
vice versa. 

In the discussion, Mr. S. P. Grace, 
spoke of the progress made in telephony. 
He started with the first. form of tele- 
phone, that of iron rods driven into the 
ground outside of forts to indicate to 
the defenders any attempt of an enemy 
to tunnel into the fort. He showed 
what rapid progress had been made in 
the art. He referred to some early 
letters on the invention of the telephone 
written by Mr. T. А. Edison to Mr. T. 
B. A. David. 


ToRoNTO SECTION 

The Toronto Section of the American 
Institute of Electrical Engineers opened 
their fall course of meetings in the form 
of an excursion to Niagara Falls, 
Ontario, Saturday, Sept. 19, 1908. 
Over twenty members and their friends 
joined the party. At Niagara Fal!s 
the delegation was welcomed and many 
courtesies were offered by the super- 
intendents of the three Canadian Power 
companies. 

Visits were paid in the morning to 
the generating stations of the Electric 
Development Company of Ontario and 
to the transformer stations of the Elec- 
trical Development Company and the 
Canadian Niagara Power Company. 
After luncheon at the Chfton Hotel, 
the party proceeded to the generating 
stations of the Canadian Niagara Power 
Company and the Ontario Power Com- 
pany. 

Members of the party remarked upon 
the very rapid growth of the power load 
delivered by these three generating sta- 
tions and were also pleased that a large 
share of this load 1s going to points 
in Ontario, particularly Toronto and 
Welland. 

The members of the Section took 
advantage of the gathering to present 
to the retiring secretary, W. С. Chace, 
of a handsome club bag in recognition 
of his interest in the work of the Section 
throughout the past two years., Mr. 
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Chace having severed his connection 
with the executive of the Section 
owing to his approaching departure for 
Winnipeg. 


Personal 5 


Ме. А. S. Натсн, of Detroit, Mich., 
has purchased the electric lighting plant 
at Burnside, Ky., which he intends to 
remodel, using a water power near by. 


Mn. А. С. Basson has removed from 
Seattle, Washington, and purchased a 
property at Central Point, Oregon, 
where he will reside for the present for 
the benefit of his health. 


MR. А. С. Potts has left the Union 
Railway Supply Company, of Phila- 
delphia, and is now in the operating 
department of the Denver & Interurban 
Railroad, at Denver, Colo. 


MR. Сназ. E. ANDERSON is now in 
the inspection department of the 
Western Electric Company, New York 
City, having left the American Elec- 
trical Works, of Providence, R. I. 


MR. Epwarp Y. Porter, formerly 
with the Moore Electrical Company, of 
Newark, N. J.. has engaged in illumi- 
nating engineering work in Los Angeles, 
with an office at 702 S.Spring street. 


MR. Глохр L. SwirH, formerly with 
D. C. & W. B. Jackson, Chicago, is 
now chief engineer and general manager 
of the Beatty Milling, Mining and Re- 
duction Company, Beatty, Nevada. 


Mr. H. J. S. HEATHER, after a tour of 
inspection of electrical plants 1n Europe, 
is returning to Africa to resume his 
duties as electrical engineer with Н. 
Eckstein & Company, of Johannesburg. 


Mr. WALTER H. BAUER is now con- 
nected with the Philadelphia office of the 
Fort Wayne Electrice Works. He was 
formerly in the motor sales department 
of the same company, at Fort Wayne. 
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Mn. S. E. Gates, who for the last 
three years has been in various depart- 
nients of the Schenectady works of the 
General Electric Company, has been 
transferred to the, company's Portland, 
Oregon, office, where he will take up 
commercial work. 


Ме. Ерт. J. К. Mason has been 


appointed professor of electrical engi- , 


neering and physics at the University 
of Pittsburgh. At the time of his ap- 
pointment Mr. Mason was in charge of 
the testing laboratory of W. & L. E. 
Gurley, Troy, N. Y. 


Mr. В. Н. ErL:0TT, who has been 
connected with the transformer engi- 
neering department of the General 
Electric Company at Schenectady, has 
been transferred to the Pittsfield, Mass. 
works, to which place all transformer 
work is being moved. 


Mr. А. С. LASHER, until recently 
with the erecting department of the 
Atlanta, Ga. office of the Westinghouse 
Electric & Manufacturing Company, is 
now chief electrician at the new shops 
of the Central of Georgia Railroad 
Company, at Macon, Ga. 


Mr. W. M. Hoes has just completed 
two years work as electrical engineer 
with Cia Minera Las Dos Estrellas, in 
state of Michoacan, Mexico, and has 
assumed charge of the El Oro Mining 
& Railway Company, and the Mexican 
mines of Е] Oro, Mexico. 


Mr. Е. H. Bru having completed 
the electrical installation for the Real 
del Monte & Pachuca Company, Pa- 
chuca, Mexico, is enjoying an outing 
in the mountains, near San Francisco. 
He expects to resume the practise of 
his profession in October. 


Мк. А. W. CoPLEv, who has been 
making special investigations on the 
N. Y. КМ. H. & H. В.В. for the Westing- 
house Electric and Manufacturing Com- 
pany, has returned to Pittsburgh, where 
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he will resume work in the engineering 
department of that company. 


Mr. Матсотм MacLaren, head of 
the railway project division. of the 
engineering department of the Westing- 
house Electric & Manufacturing Com- 
pany at Pittsburgh, has accepted the 
position of Professor of electrical engi- 
neering at Princeton University. 


Mr. Frank W. СкАНАМ, formerly 
superintendent of construction of the 
Jamestown Exposition, has associated 
himself with the Chicago, Milwaukee 
Road & Realty Company, as assistant 
manager of electrical construction with 
offices at 134 Monroe Street, Chicago. 


Mr. H.C. Eppy, who in January 1907 
became superintendent of the electrical 
department of the District of Columbia, 
has been appointed executive officer 
and secretary of the District Electric 
Railway Commission, with headquarters 
at 806 Westory Building, Washington, 
D. С. 


Mr. W. W. Cove, late general mana- 
ger of the Elmira Water, Light and 
Railroad Company, has become asso- 
ciated with them as general manager of 
their public utilities department, and 
as expert on examinations and reports 
of water power, gas, and electric prop- 
erties. 


MR. W. Н. MacGrecor, for the 
past eight years senior salesman in the 
supply department of the Westinghouse 
Electric & Manufacturing Company, at 
their New York office, has accepted the 
position of manager of the New York 
office of the Dictaphone Company of 
America. 


Ме. H. I. EwaNvEL, who has had 
charge of the installation of the electric 


locomotives at the St. Clair tunnel, 
between Port Huron, Michigan, and 
Sarnia, Ontario, has completed the 


work, and left for his home at Asheville, 
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N. C. to take a vacation before taking 
up further work. 


Ме. О. C. RAUSCHENBERG has been 
transferred to Albany, Ga., as district 
plant chief for the Southern Bell Tele- 
phone and Telegraph Company, and 
will have charge of all plant details in 
southern Georgia. He was cable fore- 
man for the same company, in Birming- 
ham, Ala., prior to his transfer. 


Мк. SaAMuEL R. Камвге, Master 
Electrician, C. A. C., U. S. Army, for 
the last five years in charge of the 
electrical installation at the sea-coast 
fortifications, Artillery District of the 
Delaware, has been transferred to the 
Artillery District of the Narragansett 
Bay, where he will have charge of the 
same department. 


Мк. Ковект Howes, until recently 
construction superintendent for the 
L. N. Farnum Company, of Boston, 
has opened an office in the American 
Bank Building, Seattle, Washington, 
where he is doing a general consulting 
and engineering business, imaking a 
specialty of hydroelectric work in the 
Northwest and Alaska. 


Mr. Davip D. Gissox, JR., has re- 
signed his position as sub-station 
operator with the Capital Traction 
Company, of Washington, D. C., to 
accept an appointment in the U. S. 
Civil Service, as manual training teacher 
of steam and electrical engineering in 
the Indian Service, and is stationed at 
the Mescalero Agency, New Mexico. 


Dr. Nevit МохкоЕ Hopkins, at 
present an assistant professor in the 
George Washingtcn University, Wash- 
ington, D. C., and chief electrical engi- 
neer for the United States Хауу De- 
partment in the consolidation of паху 
vard power plants, has written a com- 
plete detective novel entitled “ The 
Investigation at Holman Square ”, 
which is the leading feature of the 
September Lippincott's. 
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Books Received 


The following volumes have been re- 
ceived and placed in the Library of the 
Idstitute: 


STANDARD POLYPHASE APPARATUS AND 
Systems. By Maurice А. Oudin, 
M.S., Mem. A.I.E.E. With 207 
photo-reproductions, diagrams, and 
21 tables. Fifth edition, revised and 
enlarged. 369 pages. New York: 
D. Van Nostrand Company. Lon- 
don: Sampson, Low, Marston & 
Company, Ltd. .1907. Price, $3.00 
net. а 

CoNTENTs.—Chapter I.—Definitions of Alter- 

nating-Current Terms. II.—Generators. III.— 

Generators (concluded). IV.—Induction Motors. 

V.—Induction Motors (concluded). VI.—Syn- 


chronous Motors. VIi.—Transíormers. VIII.— 
Rotary Converters. IX. — Motor-Generators, 


Frequency Changers, and Other Converting 
Apparatus. X.—Switchboards and Station 
Equipment. XI.—Lightning Protection and 


Line Construction. XII.—Two-phase System. 
XIII.—Three-Phase System, XIV.—Choice of 
Frequency. XV.—Relative Weights of Copper 
for Various Systems. XVI.—Calculation of 
Transmission Lines. Index. 


ARRANGEMENT OF ELECTROLYTIC LAB- 
ORATORIES WITH SPECIAL REFER- 
ENCE TO THE REQUIREMENTS OF 
METALLURGICAL Practice. Bv Н. 
Nissenson. Authorized translation 
by Joseph W. Richards, A.C., M.S., 
Ph.D. 81 pages. Illustrated. 
Easton, Pa.: The Chemical Pub- 
lishing Company. 1905. Price, 
$125.. 


CoNTENTs.—Part I.—Introduction. Purpose 
and Value of Electrolysis. Fundamental Ideas. 
Fundamental Laws of Electro-Technology. Cal- 
culation of Conductors. Components of an 
Electrolytic Equipment. Part II.—Description 
and Equipment of Electrolytic Laboratories. 
Aachen. Breslau. Clausthal. Darmstadt. 
Freilberg. Saxony. Giessen. Hoboken near Ant- 
werp (Desilverizing Works). Konigsberg. 
Leoben. Central Laboratory of Dumont Brothers 
at Luttich. Munich. University of Pennsylvania. 
Stolberg. Central Laboratory of the Stolberg 
Company. The Electrochemical Laboratory of 
the Massachusetts Institute of Technology. 
By Prof. H. M. Goodwin. Laboratory of Applied 
Electro-chemistry, University of Wisconsin. 
Ву. Prof Charles F. Burgess. Lehigh University. 
By Prof, T. W. Richards. 
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‚ CODE COMMITTEE 

F. A. C. PERRINE, Chairman. 
60 Wall St., New York. 

W. H. BLOOD, JR., Boston, Mass. 
H. B. GEAR, Chicago, Ill. 
ARTHUR WILLIAMS, St. Louis, Mo. 
WASHINGTON DEVEREUX, Phila., Pa. 
C. W. STONE, Schenectady, N. Y. 
H. S. WARREN, New York. 
JOSEPH C. FORSYTH, New York. 
FARLEY OSGOOD, Newark, N. J. 


LAW COMMITTEE 
H. G. STOTT, Chairman. 
600 West 59th St., New York. 
SAMUEL SHELDON, Brooklyn, N. Y. 
J. W. LIEB, JR., New York. 
А. E. KENNELLY, Boston, Mass. 
CHARLES F. SCOTT, Pittsburgh, Pa. 


SECTIONS COMMITTEE 
PAUL SPENCER, Chairman. 
Broad and Arch ts., Philadelphia, Pa 
H. H. NORRIS, Ithaca, N. Y. 
D. B. RUSHMORE, Schenectady, N. Y. 
PAUL M. LINCOLN, Pittsburgh, Pa. 
H. R. KING, Chicago, Ill. 


Special Committees 


RAILWAY COMMITTEE 
(Sub-com. of Meetings and Papers Committee.) 


BION J. ARNOLD, Chairman. 

181 La Salle St., Chicago, Ill. 
GEORGE GIBBS, New York. 
М. W. STORER, Pittsburgh, Pa. 
H. ST. CLAIR PUTNAM, New York. 
E. H. ANDERSON, Schenectady, N. Y. 


EDUCATIONAL COMMITTEE 
(Sub-com. of Meetings and Papers Committee.) 


HENRY Н. NORRIS, Chairman. 
Cornell University, Ithaca, N. Y 
CHARLES F. SCOTT, Pittsburgh, Pa. 
С. О. MAILLOU X, New York. 
GANO DUNN, Ampere, N. J. 
H. E. CLIFFORD, Boston, Mass. 
CHARLES P. STEINMETZ, Schenectady, N.Y 


HIGH-TENSION TRANSMISSION COMMITTEE 
(Sub com. of Meetings and Papers Con mittee.) 
RALPH D. MERSHON, Chairman. 

60 Wall St., New York. 
PAUL M. LINCOLN, Pittsburgh, Pa. 
W. S. MOODY, Schenectady, N. Y. 
С. С. CHESNEY, Pittsfield, Mass. 
W. N. RYERSON, Niagara Falls, №. Y. 
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COMMITTEE ON CONSERVATION OF NAT- 
URAL RESOURCES 
H. G. STOTT, Chairman. 
600 West 59th St., New York. 
CHARLES H. PORTER, Boston, Mass. 
У. H. BLOOD, Jr., Boston, Mass. 
W. L. ABBOTT, Chicago, Ill. 
JOHN H. FINNEY, Atlanta, Ga. 
P. G. GOSSLER, New York. 
F. A. C. PERRINE, New York. 


EDISON MEDAL COMMITTEE. 
CHARLES L. CLARKE, Chairman. 
120 Broadway, New York City. 
COMFORT A. ADAMS, 
WILLIAM S. BARSTOW, 
WILLIAM HAND BROWNE, JR., 
HENRY L. DOHERTY 
GANO DUNN. 
GEORGE A. HAMILTON, 
JOHN W. HOWELL, 
D. C. JACKSON, 
CHARLES E. LUCKE, 
THOMAS C. MARTIN. 
SAMUEL REBER, 
CHARLES F. SCOTT 
HENRY G. STOTT, 
CHARLES A. TERRY, 


JOHN FRITZ MEDAL REPRESENTATIVES. 
HENRY G. STOTT, 
SAMUEL SHELDON, 
SCHUYLER $ WHEELER, , 
JOHN W. LIEB, JR. 


THE INTERNATIONAL ELECTROTECHNICAL 
COMMISSION. 

United States National Committee. 
ELIHU THOMSON, President, Lynn, Mass. 
CHARLES F. SCOTT, 1st Vice-president. 
SAMUEL SHELDON, 2d Vice-president. 
ARTHUR E. KENNELLY, Secretary. 
BION J. ARNOLD. 

B. A. BEHREND. 
ARTHUR W. BERRESFORD. 
JOHN J. CARTY. 

W. С. L. EGLIN. 

CARL HERING. 

JOHN W. HOWELL, 
DUGALD C. JACKSON, 
FRANCIS W. JONES, 
BENJAMIN G. LAMME, 
W. А. LAYMAN, 

JOHN W. LIEB, JR., 
CLAYTON H. SHARP, 
CHARLES P. STEINMETZ, 
LEWIS B. STILLWELL, 
HENRY G. STOTT, Р 
SAMUEL W. STRATTON, 


Local Honorary Secretaries 


JAMES S. FITZMAURICE, 
210 George St., Sydney, N. S. W. 
H. F. PARSHALL, 
Salisbury House, London Wall E. C., London. 


ROBERT B. OWENS, 
McGill University, Montreal, P. Q. 


WILLIAM B. HALE, 
Cadena 10, City of Mexico. 


W. С. T. GOODMAN, 
Adelaide, South Australic. 


ROBERT J. SCOTT, 
Christ Church. New Zealand. 
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Sections and Branches—Directory. 


Organization 
Sections authorized Chairman Secretary 
by Poard of 
Directors 
Atanta..............| Jan. 19, 04 |J. H. Finney G. T. Yundt, 


Southern Bell Tel. Co., Atlanta, Ga. 
Baltimore........... | Dec. 16, '04 |]. B. Whitehead |С. С. Edwards, 
City Hall, Baltimore, Md. 


Boston............... Feb. 13, '03 |А. E. Kennelly |А. L. Pearson, 
93 Federal St., Boston, Mass. 
Chicago.............. 1893 Н.В. King J. G. Wray, 
| 203 Washington St., Chicago, Ill. 
Cincinnatl............ Dec. 17, '02 |А. С. Wessling 
Cleveland............| Sept. 27, '07 |Henry B. Dates |F. M. Hibben, 
1549 Winton Ave., Cleveland, O. 
Columbus............] Dec. 20, '03 |К. J. Feather H. L. Bachman, 
, 1070 E. Fulton St., Columbus, О. 
Fort Wayne..........| Aug. 14, '08 ЈЕ. A. Wagner M. J. Kehoe, 
1318 McLellan St., Ft. Wayne, Ind. 
Ићаса...............| Oct. 15, '02 JE. L. Nichols H. H. Nonis, 
Cornell Univ., Ithaca, N. Y. 
Los Angeles..........| May 19, '08 |С. W. Koiner J. E. MacDonald, 
444 P. E. Bidg., Los Angeles, Cal. 
Mexico. .............! Dec. 13, '07 |К. Е. Hayward ЈЕ. D. Nims, 
Mex. Lt. & Pr. Co., Mexico, Mex. 
Minnesota. ........... Apr. 7,'02 |Е.Н. Scofield А. L. Abbott, 
185 E. 4th St., St. Paul, Minn. 
Norfolk. .............| Маг. 13, '08 |Р. С. Stanbroug! |R. R. Grant, 
P. О. Box 254, Norfolk, Va. 
Philadelphia. ......... Feb. 18, '03; |Paul Spencer H. F. Sanville, 
1703 Swansom St., РЕЦа., Pa. 
Pittsburg............. Oct. 13, '02 |W. Edgar Reed |B. P. Rowe, 
911 Ramsey Ave., Wilkinsburg, Pa. 
Pittsfield. ............] Маг. 25, '04 |W. A. Лап H. W. Tobey, 
General Electric Co., Pittsfield, Mass. 
Sen Francisco. .......| Dec. 23, '04 |А. M. Hunt, G. R. Murphy, 
2699 Union St., San Francisco, Cal. 
Schenectady.......... Jan. 26, '03 |р. B. Rushmore |]. M. Knox, 
1205 Union St., Schenectady, М. Y. 
Seattle...............] Jan. 19, '04 |J. H. Harisberger|Geo. H. Moore, 
#16 Terry Ave., Seattle, Wash. 
S. Lowis.............] Jan. 14, '03 ЈА. 5. Langsdorf |H.1. Finch, 
5228 Kensington Ave., St. Louis, Mo, 
Тое4о............... June 3,'07 |С. R. McKay zeo. E. Kirk, 
| 1614 The Nichols, Toledo, О. 
Toronto.............. Sept. 30, '03 |W. А. Bucke \У. С. Chace, 
124 Confed. Life Bldg., Toronto, Can. 
Urbana. .............] Nov. 25,'02 |J. M. Bryant E. B. Paine, 
` Univ. of Illinois, Urbana, 11. 
Washington, D. С..... Арг. 9, '03 [Philander Betts |Н. С. Eddy, 


806 Westory Building, Washington, D. C. 
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Sections and Branches—Directory. 


Branches 


Arkansas, Univ. of. .. 

Armour Institute..... . 
Cincinnati. Univ. of.. 

Colorado, Univ. of..... 
lowa State College. ... 
Kansas State Agr. Col. . 
Kansas, Univ. of...... 
Lehigh University..... 
Lewis Institute. ....... 
Maine, Univ. of....... 
Michigan, Univ. of... . 
Missouri, Univ. of..... 
Montana Univ. of..... 


Montana Agr. Col..... 


Nebraska, Univ. of... 


Ohio State Univ. .... 


Oregon State Agr. Col. | 
Penn. State College.... 


Purdue Univ......... ! 


Stanford Univ....... 
Syracuse Univ....... 


Texas, Univ. of...... 


Wash. State Col. of... 
Washington Univ..:.. 
Wisconsin, Univ. of.. 


Worcester Poly. Inst. . 


Organized 


04 


'07 


Chairman 


Secretary 


М. F. Thompson |C. В. Rhodes, 


Univ. of Ark., Fayetteville, Ark. 


T. W. Simpson |). E. Snow, 


C. R. Wylie 

H. H. Watters 
F. A. Fish 

W. L. Enfield 
Martin E. Rice 
H. O. Stephens 


W. H. Hayes 


C. M. Davis 

H. B. Shaw 
Robert Sibley 
B. S. Hind 
Geo. H. Morse 
F. W. Funk 

E. V. Hawley 
D. R. Simpson 
J. W. Esterline 
W. C. North 
W. P. Graham 
A. C. Scott 

H. V. Carpenter 
C. M. Duncan 
O. H. Ensign 


F. A. Spencer 


Armour Inst. Tech., Chicago, Ill. 
C. C. Buchanan, 

Univ. of Cincinnati, O. 
L. D. Jones, 

Univ. of Colorado, Boulder, Colo. 
Adolph Shane, 

Iowa State College, Ames, Ia. 
W. C. Lane, 

Kan. State Agr. Col., Manhattan, Kan. 
H. P. Broderson, 

Univ. of Kansas, Lawrence, Kan. 
J. А. Clarke, Jr., 

Lehigh Univ., Bethlehem, Pa. 
P. B. Woodworth, 

Lewis Institute, Chicago, Ill. 
Gustav Wittig, 

Univ. of Maine, Orono, Me. 
H. F. Baxter, 

556 S. State St., Ann Arbor, Mich. 
H. D. Carpenter, 

Univ. of Missouri, Columbia, Mo. 


J. A. Thaler, | 
Montana Agr. Col., Bozeman, Mont. 
L. E. Hurtz, 
Lincoln Tel. Co., Lincoln, Neb. 
F. C. Caldwell, 
Ohio State Univ., Columbus O. 
E. C. Wiggen, 
Oregon St. Agr. Col., Corvallis, Ore. 
C. D. Preston, 
Penn. State Colleze, Pa. 
H. T. Plumb, 
Purdue Univ., Lafayette, Ind. 
А. J. Gowan, 
Stanford Univ., California. 
R. A. Porter, 
Syracuse Univ., Syracuse, N. Y. 
B. E. Kenyon, 
Univ. of Texas, Austin, Tex. 
М. К. Akers, 
State Col. of Wash., Pullman, Wash. 


]. УУ. Shuster, 
Univ. of Wisconsin, Madison, Wis. 

W. D. Stearns | 
Worcester Роу. Inst., Worcester, Mass, 
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November Meeting A. X. E. E. 
The two hundred and thirty-first 


meeting of the American Institute of 
Electrical Engineers will be held in the 
auditorium of the Engineers' Building, 
33 West Thirty-ninth Street, New 
York, on Friday, November 13, 1908, 
at8o'clock p.m. The subject to be dis- 
cussed at this meeting will be announced 
by regular postal card notice, on Mon- 
аху, November 9, 1908. 


December Meeting A. 1. E. E. 

The December meeting will be held 
in the auditorium of the Engineers' 
Building on Friday, December 11, 1908. 
The subject to be discussed at this 
meeting wil be announced in the De- 
cember PROCBEDINGS. 


MINUTES OF OCTOBER MEETING 1 


Minutes of October Meeting of 
the Institute 


The two hundred and thirtieth regu- 
lar meeting of the American Institute 
of Electrical Engineers was held in the 
auditorium of the Engineers' Building, 
33 West Thirt y-ninth street, New York, 
Friday, October 9, 1908. President 
Ferguson called the meeting to order 
at 8 p.m. 

The secretary announced that at the 
meeting of the Board of Directors held 
during the afternoon there were 112 
Associates elected, as follows: 


BALLARD, ALFRED H., Master Operator, 
Pacific Electric Railway; res., 647 
Ceres Ave., Los Angeles, Cal. 


BALLARD, ARTHUR WALTER, Manager, 
Los Angeles Office, Gen. Elec. Co., 
Delta Bldg., Los Angeles, Cal. 


BaTCHELDER, CHARLES KkErsEv, Elec- 
trical Engineer, Central Colorado 
Power Co.; res., 432 М. Nevada Ave., 
Colorado Springs, Colo. 


BaATCHELDER, Упллам Oscoop, North- 
etn Texas Traction Co., Fort Worth, 
Texas. 


ВАтЕ$, CLiFFORD WHITMAN, Instructor 
in Electricity, Sheffield Scientific 
School of Yale University, New 
Haven, Conn. 


Bears, FREDERICK Haun, Professor of 
Physics, Occidental College, Los An- 
geles, Los Angeles, Cal. 

BENZIGER, JAKE UrRicu, Engineer in 
charge of Power Station, with Guinle 
& Co., Bahia, Brazil, S. A. 

Bossert, CHARLES Рнплр, Mechanical 
Engineer, with Pfister & Vogel Leath- 
er Company, Milwaukee, Wis. 


Вохатл, WILLIAM L., Power Contract 
Agent, The Edison Electric Co., Los 
Angeles, Cal. 


BRANDENBURG, THEODOR, Superinten- 
dent, Cia Electrica y Irrigadova, 
Pachuca (Hidalgo), Mexico. 


Braun, CarL FRANKLIN, Sales & Erect- 
ing Engineer, The Standard Electrical 
Works, 121 New Montgomery St., 
San Francisco, Cal. 
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BRILL, Oscar CHARLES, Electrical En- 
gineer, Radio Telephone Cc., Wall 
St. Exchange Bldg., New York City. 


CAMPBELL, CLAUDE Hornor, Bonding 
Foreman, Los Angeles Railway Со.; 
res., 425 W. 55th St., Los Angeles, Cal. 


CAMPBELL, Davip E., Sales Engineer, 
Stromberg-Carlson Telephone Mfg. 
Co., 526 Hayward Ave., Rochester, 
М.Ү. 

CARLETON, LINDSAY FERGUSON, Sub- 
station Attendant, The Southern 
Power Company, Davidson, N. C. 


CHESROWN, ELIAS, Salesman, Westing- 
hcuse Electric & Mfg. Co., Union 
Bank Bldg., Pittsburg, Pa. 


CLARKE, ALEXANDER, Superintendent of 
.' Electrical Department, So. Penn Oil 
Co., Folsom, W. Va. 


CLEMENTS, Oscar S., Asst. Electrician, 
Electrical Dept., Panama Ry. Co., 
-Cristobal, Canal Zone, Pan. 


Cox, JosEpH Harris, Salesman, Bailie 
& Brandt Со., 943 М. Main St., Los 
Angeles, Cal. 

Cursset, Рнекоз D., Chief Engineer, 
Compania Циача Forca е Luz, Ци, 
Sao Paula, Brazil, S. A. 


DAGGETT, PARKER HAYWARD, Assistant 
in Electrical Engineering, Harvard 
University; res., Neponset, Mass. 

літом, WALTER, Electrical Engineer, 
Philadelphia Electric Construction 
Co., 914 Filbert St., Philadelphia, Pa. 

DARLING, GEoRGE F., Traveling Sales- 
man, Electrical Engineering Co.; res., 
Hampshire Arms, Minneapolis, Minn. 

DARNELL, WILLIAM НЕеМВҮ, General 
Foreman, Underground System, The 
Edison Electric Co., Los Angeles, Cal. 

DaRRALL, STEPHENSON 5. Electrical 
Engineer, with J. К. Robinson, 
[quique, Chile. 

DoBsoN, ANDREW Epwanp, Electrician, 
The Mt. Bischoff Tin Mining Co., 
Waratah, Tasmania. 

Evers, CHRISTIAN H., Foreman, Electric 
Meter Dept., Birmingham Ry., Light 
& Power Co., 2100 Ist Ave., Birming- 
ham, Ala. 


[Nov. 


Eyre, RicHanRD. Patent Attorney, 
Kenyon & Kenyon, 49 Wall St., New 
York City. 

Fany, JOHN Tuomas, Electrician to the 
Department, New Zealand Govt. 
Railway, Wellington, N. Z. 


Елік, HaRoLD Sanps, General Superin- 
tendent, The Falk Co.; res, 3125 
Sycamore St., Milwaukee, Wis. 

FARRAND, ALBERT CLARK, City Electri- 
cian, Atlantic City, N. J. 

FELLECHNER, FREDERICK GusTAV, 
Draftsman, Bridgeport Brass Со.; res., 
231 Fairfield Ave., Bridgeport, Conn. 


FosTER, FRED. FANCHER, Salesman, В. 
F. Kierulff, Jr. & Co., 210 Los Angeles 
St., Los Angeles, Cal. 


FovLres, Tuomas, President, Foulkes- 
Gaylord Co., Inc., 931 Security Bldg.: 
res., 2374 W. Washington St., Los 
Angeles, Cal. 

Francis, IRA JOHNSON, Manager, John 
A. Roebling’s Sons Co., 1932 Hobart 
Blvd., Los Angeles, Cal. 


FRANZ, WALTER Goprrey, Consulting 
Engineer, Union Trust Bldg., Cin- 
cinnati, O 

Слутово, Ковект H., Electrical Con- 
tractor, with Foulkes, Gaylord Co., 
Pasadena, Cal. 

Сева, Francis НОМАКР, Electrician, 
with Los Angeles Pacific Co.; res., 
1451 Holmby Ave., Los Angeles, Cal. 

Сетткозт, JOHN STEELE, Salesman. 
Eck Dynamo & Motor Co., Belle- 
ville, М. J.; res., 4002 Elsmere Ave., 
S. Norwood, Ohio. 

GILBERT, Lrovyp Damonp, Secretary 
and Chief Engineer, Cement Engi- 
neering Cc., 1215 Union Trust Bldg., 
Los Angeles, Cal. 

GLASGOW, ALFRED STEVENS, Salesman, 
General Electric Co., 304 Delta Bldg., 
Los Angeles, Cal. | 

GLEASON, FREDERICK JOHN, Vice-presi- 
dent, Massachusetts Chemical Cem- 
рапу, Walpole, Mass. 

GLENNIE, FEDERICO TRIGUEROS, Civil 
Engineer, The Mexican Light & 
Power Co., Mexico City, Mexico. 
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GRANT, WILLIAM MAXWELL, Engineer, 
Westinghouse Electric & Mfg. Co., 2d 
& Natoma Sts., San Francisco, Cal. 


Gupta, BIRENDRA CHANDEA, 57 Tre- 
gunter Road, So. Kensington, Lon- 
don, S. Eng. 

Hatt, WarrER Dovczas, Supt., Power 
Plant & Electrical Equipment, The 
Grand Trunk Ry. & St. Clair Tunnel 
Co., Port Huron, Mich. 


HALLORAN, ARTHUR НовАкт, Managing 
Editor, Journal of Electricity, Power 
& Gas, 111 New Montgomery St., 
San Francisco, Cal. | 


Нилвлву, OnviILLE, Chief Engineer of 
Power Station, Edison Electric Co., 
Los Angeles, Cal. 


Нолс, Wricut SaMMis, Engineer and 
Salesman, Westinghouse E. & M. Co.; 
res., 527 S. Main St., Los Angeles, Cal. 


Hoar, FRBDERICK EMERSON, Profes- 
sional Electrical Engineer, 702 Metro- 
polis Bldg., San Francisco; res., 916 
Filbert St., Oakland, Cal. 

Носнеѕ, Ковевт James, Draftsman, 
Pacific Gas & Electric Co.; res., 978 
Ellis St., San Francisco, Cal. 


INGHAM, WALTER Prescott, Superin- 
tendent of Railway, Ponce Railway & 
Light Co., Ponce, Porto Rico. 


JacKson, CHESTER H., Lineman, Los 
Angeles Gas & Electric Co.; res., 645 
So. Hill St., Los Angeles, Cal. 


Kean, ALowzo, General Construction 
Foreman, Pacific Electric R.R. Co. & 
Los Angeles Interurban R.R. Co., 
Los Angeles, Cal. 


KELMAN, JOSEPH NELSON, President, 
Kelman Electric & Mfg. Co.; res., 212 
No. Sichel St., Los Angeles, Cal. 


Kemp, CHARLES GEORGE RIDGELY, with 
Guinle & Co., Caixa do correio, No. 2, 
Petropolis, Rio de Janeiro, Brazil. 

Kensit, Henry Epwarp MORDAUNT, 
Chief Assistant, Smith, Kerry & Chace, 
Confederation Life Bldg., Toronto, 
Ontario. 


KinscHBERG, HAROLD, Engineer, P.R.R. 
Co.; res. 1412 11th St., Altoona, Pa. 


LippERS, ALEXANDER Henry, Patent 
Attorney, Brooks & Lidders, 615 
L. A. Trust Bldg., Los Angeles, Cal. 


MacDoNALD, GEorGE W., Electrician, 
City of Los Angeles; res., 3113 
Dalton Ave., Los Angeles, Cal. 


MANAHAN, ROLAND Harry, City Elec- 
trician, City Hall; res., 2416 Echo 
Park Ave., Los Angeles Cal. 

MASTIN, FRANCIS WELLS, Engineer, 
Plant Dept., The New York Tele. 
phone Co., Piermont, N. Y. 


McKiBBiN, Ковкет H., Chief Electri- 
cian, Palmer Mountain Tunnel & 
Power Co., Loomis, Washington. 


MILLAR, HAWTHORNE McKenzie, Stu- 
dent, Wellington, N. Z. 


MóLLER, Nits АмовЕ, Draughtsman, 
The Mexican Light & Power Co., Ltd., 
Mexico City, Mexico. 

Моовв, NELSON SHEPPARD, Clerk in 
General Sales Dept., Western Electric 
Co., Chicago, Ill. 

Murray, Henry Hatt, Switchboard 
Constructor, Guinle & Co., Correio 
Caixa No. 2, Petropolis, Rio de 
Janeiro, Brazil. 

Myers, ALBERT SYLVESTER, Assistant 
Engineer, Home Tel. & Tel. Co., 716 
5. Olive St., Los Angeles, Cal. 


NEISWANGER, Erris Barton, Chief 
Electrician, The United States Re- 
duction & Refining Co., 111 So. 11th 
St., Colorado Springs, Colo. 


NOBLE, JAMES F., Engineer, Pioneer 
Tel. & Tel. Co., Pioneer Bldg., Okla- 
homa City, Oklahoma. 


OcLE, THoMAS B., Supt. of Elect. Divi- 
sion, Norfolk & Southern Railway; 
res., 723 28th St., Park Place, Nor- 
folk, Va. 


Payne, Lewis, Superintendent of Light 
Plant, The Allegheny Pin & Bracket 
Co., Covington, Va. 

PEEPLES, BEN, Electrical and Railway 
Constructor, Memphis, Tenn. 


PonrER, Emery D., Superintendent of 
Fire Alarms and Electrical Inspector, 
Lewiston, Mont, 
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Руге, CLARENCE G., Representative, 
Standard Underground Cable Co.; 
913 Union Trust Bldg., Los Angeles, 
Cal. 

REED, ROBERT RENTOUL, General Man- 
ager, Washington & Canonsburg Ry. 
Company, Washington, Pa. 

REEVE, JOHN WRIGHT, JR., Superinten- 
dent, Lake City Water & Light Plant, 
Lake City, Fla. 

RojauN, ELMER EWALT, Switchboard 
Operator, Edison Electric Light Co., 
York; res., Dallastown, Pa. 

RooME, WILLIAM GUERNSEY, 940 W. 
20th St., Los Angeles, Cal. 

Козок, INcwArD A., Electrical Engi- 
neer, Bisbee Improvement Company, 
Bisbee, Arizona. 

Ross, EDWARD JACKSON, JR., Salesman 
and Experimenter, Edison Storage 
Battery Co., Orange, N. J. 

SANDFORD, JOSEPH ADDISON, JR.. Sales 
Manager, The New Lexington High 
Voltage Porcelain Co., New Lexing- 
ton, О. 

SAWTELLE. EDMUND Monroe, Territo- 
rial Sales Manager, British W. E. & 
M. Co., Trafford Park, Manchester, 
Eng. 

SCATTERGOOD, EzRA FREDERICK, Con- 
sulting Electrical Engineer, Los An- 
geles Aqueduct, 1133-1134 Central 
Bldg., Los Angeles, Cal. 

SEAMAN, JOHN H., Superintendent, 
Glendale Light & Power Co., Tropico, 
Cal. 

SERVOS, JOHN, Chief Operator, Toronto 
& Niagara Power Со.; res., 254 Os- 
sington Ave., Toronto, Ont. 

SHORTALL, OLIVER RANDALL, Construc- 
tion Dept. Engineer, Electric Stor- 
age Battery Co., Allegheny Ave. & 
19th St., Philadelphia, Pa. 

міти, МиллаАм Brown, Electrician, 
Los Angeles Aqueduct; 1134 Central 
Bldg. Los Angeles, Cal. 

Socci, Joux B., Electrical Constructor, 
Mexican Lt. & Power Co., Ltd., 14а 

_ de Zarco, 3314, Mexico, City, Mex. 

STAHL, NICHOLAS, Corresponding Engi- 
neer, Westinghouse E. & M. Co., 

Pittsburg, Pa. 


[Nov. 


STAMBAUGH, RALPH WaALpo, Chief Elec- 
trician, Republic Iron and Steel Co. 
res., 135 Silver St., Youngstown, О. 

STONE, ERNEST FRANK, Supt. of Line 
Construction, Norfolk & Ports. Trac- 
tion Co; res., 9 Redgate Ave., Nor- 
folk, Va. 

SUTHERLAND, KENNETH WALLACE, Man- 
aging Engineer, Todd & Samuel, 65 
Brookman's Bldg., Adelaide, South 
Australia. 

SWANN, THEODORE, Owner and Engi- 
neer, The Swann Electric Company, 
Bristol, Tenn. 

ТАВЕК, EDMUND RHETT, Jr., Electri- 
cian, The Flaketown Graphite Co., 
Mountain Creek, Alabama. 

ТАТЕ, JOHN VICTOR EDWARD, Chief Line 
Inspector Cauvery Power Scheme, 
Kankahalli, Mysore India. 

TELLINGTON, JESSE JAMES, Electrician, 
Berlin Electric Light Co., Berlin, New 
Hampshire. 

Тномрѕом, DwINEL Burt, Testing De- 
partment, Gen. Elec. Co.; res., 225 
Union St., Schenectady, N. Y. 

Tryon, ALLAN C., Superintendent, 
Maumee Electric Co., Maumee, О. 

TwiNiNG, Harry LAVERNE, Teacher of 
Physics and Elec. Eng., Los Ап- 
geles Polytechnic High School; Los 
Angeles, Cal. 

Van Horne, Jonn S., Electrician, U. S. 
Immigration Service, Ellis Island; 
res., 617 W. 1524 St., New York City. 

Watton, FRANK Porter, Chief Oper- 
ator, Los Angeles Gas & Electric Со.; 
res., 516 E. 25th St., Los Angeles, Cal. 

Watson, Liosgr, Electrical Dept., Do- 
minion Automobile Co., res, 25% 
Lisgar St., Toronto, Ont. 

Watts, GEoRGE Epwin, Southern Man- 
ager, Electric Service Supplies Co., 
107 So. Forsyth St.; res., 230 Peeples 
St., Atlanta, Ga. 

WELLER, HAROLD FRASER, Secretary 
and Treasurer, South California Drill- 
ing & Construction Co.; Los Angeles, 
Cal. 

Witson, Harry Curtis, Superinten- 


dent of Government Telegraph., 
Kingston, Jamaica, British West 
Indies. 
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WILSON, ЈОЗЕРН Lurton, with Guinle & 
Co., Avenida Central 109, Rio de Ja- 
neiro, Brazil. 


WiNTERSGILL, HARRY LIVINGSTONE, Ах- 
sistant Electrical Engineer, The Pa- 
cific Light & Power Co.; res., 1211 
So. Union Ave., Los Angeles, Cal. 


WoEHLER, WiLLIAM L., Electrical En- 
gineer, Goldfield Consolidated Mines 
Co., Goldfield, Nev. 


Younc, Harry PavrpiNc, Office Man- 
ager, Electrical Equipment Co., res., 
Preston Apts., Atlantic City, М. J. 


ZETHERLUND, CARL Aporr, Electrical 
Engineer, Kashmir State Govern- 
ment, Baramulla, Kashmir, India. 


ZIEGLER, Guy, Electrician, Westing- 
house Lamp Co., Riverton, Neb. 


The secretary announced further that 
the following Associates were trans- 
ferred to the grade of Member: 


RoBERT ALBERT HaDFIELD, Metallur- 
gical Engineer, Mayfair W., England. 


Epwanp BELDEN MERRILL, Chief Assis- 
tant Engineer, Winnipeg Power De- 
partment, Winnipeg, Canada. 


WitLiAM Nose Dickinson, JR., Man- 
ager Foreign Department, Otis Ele- 
vator Company, 17 Battery Place, 
М. У. City. 


Messrs. Peter Junkersfeld and E. O. 
Schweitzer of the Commonwealth Ed- 
ison Company of Chicago then presented 
a paper entitled ‘‘ High-Potential Un- 
derground Transmission." The paper 
was discussed by Messrs. C. H. Merz, 
H. W. Fisher, Н. С. Stott, E. J. Berg, 
W. S. Clark, Alex Dow, Warren Part- 
ridge, E. E. F. Creighton, L. А. Fer- 
guson, L. C. Robinson, Henry Floy, J. 
W. Lieb, Jr., Philip Torchio, C. Р. 
Steinmetz, E. O. Schweitzer, Peter 
Junkersfeld and К. D. Mershon. 

[The paper is printed in the October, 
1908, PROCEEDINGS, pages 1463-1491; 
the discussion will be printed in the 
December, 1908, PROCEEDINGS. | 


Formal Presentation of the 
Scott Testimonial at Atlane 
tic City, June ЗО, 1908 


SAMUEL SHELDON: “Ата meeting of 
the Board of Directors of the American 
Institute of Electrical Engineers, held 
on February 14, 1908, upon the ex- 
piration of the three years’ service of a 
trustee of the United Engineering. So- 
ciety, the Board desired to put on record 
its hearty recognition of this trustee's 


earnest, faithful, and efficient. services . 


throughout the inception, construc- 
tion, and completion of the Engineers’ 
Building. 

It therefore passed a set of resolu- 
tions to the effect: That to his engi- 
neering experience, to his watchful 
care, and to his thorough appreciation 
of the requirements of the future as well 
as of the present, and especially to his 
controling influence in bringing about 
the full realization of a plan, which, at 
the outset, seemed only visionary, the 
electrical engineers of America are, and 
will for all time, be indebted. 

It was further resolved to this effect: 
That the American Institute of Electrical 
Engineers tenders its sincere thanks to 
this trustee for his devotion to its inter- 
ests, throughout his term as а repre- 
sentative upon the Joint Building Com- 
mittee, and upon the Board of Trustees 
of the United Engineering Society. 

It is a great pleasure for me to-night 
in the presence of tlus large and repre- 
sentative attendance of the members 
of the Institute, to present an engrossed 
copy of the resolutions* to which I have 
referred, to that irrepressibly active 
past-president and  past-trustee, Mr. 
Charles F. Scott.” 

CuaRLES F. Scott: ‘Тһе occasion for 
these resolutions relates to work cover- 
ing several years, several of the most 
eventful years of my life. These reso- 
lutions will keep fresh їп my memory 
my association. with the members of 
the American Institute of Electrical 
Engineers, and particularly with its 
Board of Directors. | 


*A facsimile of the resolutions is printed оп 
page 5 of Section I of the August PROCEEDINGS. 
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When I became president of the In- 
stitute, I little appreciated the scope, 
the work, and the possibilities of this 
organization. It was through contact 
with its directors and officers, gaining 
from them some of their ideals and in- 
spiration, sharing their faith and fore- 
sight, their hope, and confidence in 
looking forward to the future—it was 
contact with them and gaining inspira- 
tion through their ideals and hopes that 
led me on in the work in which it has 
been my privilege to take part. 

I feel that in coóperation with these 
men, and with the support of the Insti- 
tute at large, there has been accom- 
plished during these years something 
which has not only been at once 
notable, but will endure long into 
the future, making our Institute larger, 
enabling it to take its place and stand- 
ing among the other engineering socie- 
ties, and making the electrical engineer, 
and the engineer in general, a new fac- 
tor, a larger factor, in the progress of 
our country and in its civilization. 

I thank you, Dr. Sheldon. I appre- 
ciate deeply this testimonial from my 
associates, those who have assisted in 
the work which this certificate com- 
memorates. It is interesting to note 
that the date which it bears is February 
14, just five years later than the St. 
Valentine's day on which Mr. Carnegie 
wrote bis first letter of gift. 

I will cherish this not cnly for what 
it shows on its face, but for the spirit 
which has inspired it, because it testi- 
fies to some of the warmest friendships 
and associations which I have formed 
with this Board of Directors, with mem- 
bers of the Institute, and with members 
of the other engineering societies with 
whom the Institute work has been asso- 
ciated in the past few years.” 


After ten years practice in large 
American and German concerns, Mr. 
Eugene Eichel, of Berlin, S. W., Ger- 
many, has established himself in that 
city as consulting engineer, with an 
office at Alte Jacobstr. 106. 
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Applications for Election 

Applications have been received by 
the secretary from the following candi- 
dates for election to the Institute as 
Associates; these applications will be 
considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting 
to the election of any of these candi- 
dates should so inform the secretary 
before December 1, 1908. 


7883 Sprague, R. V., Electron, Wash. 
7884 Rutherford, J. W., Jersey City. 
7885 Leilich, F. T., So. Bethlehem, Pa. 
7886 Cadwell, Wm., Chicago, Ш. 
7887 Jackson, J. A., Schenectady, N. Y. 
7888 Denton, F. M., Pittsburg, Pa. 
7889 Sinclair, S. L., New York City. 
7890 Dodds, J. S., Indiana, Pa. 
7891 Newman, А. С., New York City. 
7892 Centerwell, Т. С. J. D., Gullspang, 
Sweden 
7893 Leonard, Chas., Baltimore, Md. 
7894 Hibner, A. E., Rochester, N. Y. 
7895 Watley, W. F., Portsmouth, Va. 
7896 Smith, J. L., Leadville, Colo. 
7897 Leonard, J. A., Ellsworth, Me. 
7898 Shaughnessy, J. ]., №. Y. City 
7899 Tompkins, W. M., E. Lansdowne, 
Pa. 
7900 Carter, Capt. C. C., Boston, Mass. 
7901 Mcllheran, W. C., Birmingham, 
Ala. 
7902 Chilton, St. J., Philadelphia, Pa. 
7903 Frost, D. K., New York City. 
7904 Ruel, A. J., Boston, Mass. 
7905 Schnabel, J. F., New York City. 
1906 Bozell, H. V., Norman, Okla. 
7907 Conlin, Jos., Toledo, O. 
7908 Knoener, Н. A., Ampere, N. J. 
1909 Stovall, S. L., Visalia, Cal. 
7910 Bell, W. I., Jersey City, N. J. 
7911 DeLay, F. А., Ànn Arbor, Mich. 
7912 Castle, S. N., New York Citv. 
7913 Strong, G. W., Cleveland, O. 
7914 Wiatt, H., Los Angeles, Cal. 
7915 Wintrode, E. B., Los Angeles, Cal. 
7916 Guell, Entonio, Urbana, Ill. 
7917 Lebovici, J., Mansfield, O. 
7918 Gaskill, W. W., Cambridge, Mass. 
7919 Carter, G. R., Cambridge, Mass. 
7920 Whitehurst, О. F., Chicago, Ш. 
7921 Mervine, G. S., New York City. 
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7922 
7923 
1924 


7925 Mathewson, А., Henry Clay P. O., 


1926 


7927 Walton, J. G., Oklahoma City, 


1928 
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Tisell, G., New York City. 
Nein, W. C., Champaign, Ill. 
Banta, E. J., Culebra, Canal Zone. 


Delaware. 
Sked, N. S., Pennington, N. J. 


Okla. 
Rathbone, R. L., Cleveland, O. 


7929 Aspestrand, Talle Hagbart. 


1930 
1931 
1932 


Ingleby, J. C. B., Leeds, England. 
McCabe, E. F., Lewiston, Pa. 
Reilly, W. F., New York City. 


7933 Clark, J. А., Schenectady, N. Y. 


1934 
1935 
7936 


Parsons, E. D., Saratoga, N.Y. 
Elmes, C. F., New York City. 
Snook, J. ]. А., Ft. Wayne, Ind. 


7937 James, L. V., Champaign, Ill. 


1938 
1939 
7940 
1941 
7942 
7943 
1044 
1945 
1940 


7947 
1948 
1949 
1950 
7951 
1952 
7953 
7954 
7955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
7966 
7967 
7968 
7969 


Kingsbury, М. C., Detroit, Mich. 
Parker, Arthur, Camden, М. J. 
Bush, E. F., Mechanicsburg, Pa. 
Ball, Albert, New York City. 
Fisher, H. H., Chicago, Ill. 
Elkins, B. H., S. Windham, Me. 
Harris, R. W., Madison, Wis. 
Saathoff, G. W., St. Louis, Mo. 
Hillebrand, W.A., Stanford Univ., 
Cal. 
Powell, W. H., Milwaukee, Wis. 
Blackwell, O. B., N. Y. City. 
Keveney, T. S., Brooklyn, М. Y. 
Hart, Leon O., Harrison, М. J. 
Sleeth, M., Wilmerding, Pa. 
Johnson, K. S., Cambridge, Mass. 
Staunton, Gray, Chicago, Ill. 
Hollister, V. L., Lincoln, Neb. 
Hail, J. C., Chicago, Ill. 
Foote, E. T., Milwaukee, Wis. 
Aoyagi, Eiji, Kyoto, Japan. 
Hammer, M. R., Madison, Wis. 
Herdegen, R. T., New Orleans, La. 
Reiff, С. E., Chicago, Ш. 
Talbot, E. D., Bath, N. Y. 
Van Meter, R. H., Mulberry, Fla. 
Neth, D. B., Waterbury, Conn. 
Coursol, A. G., Sorel, Que., Can. 
Lott, A. L., ]т., Omaha, Neb. 
Reid, C. R., Eugene, Oregon. 
Upham, W. Н., Pittsburg, Pa. 
Weniger, W., Corvallis, Oregon. 
Wolf, Geo., New York City. 


Total, 87. 


Applications for Transfer 
Recommended for transfer by the 

Board of Examiners, September 25, 

1908. Any objection to these transfers 

should be filed at once with the secre- 

tary. 

Freperick D. Nims, Chief Operating 
Engineer, Mexican Light & Power Co, 
City of Mexico, Mexico. 

CHARLES Roy McKay, Manager, Light 
& Power Department, Toledo Rail- 
ways & Light Company, Toledo, O. 

STANDEN LEONARD Pearce, City Elec- 
trical Engineer, Electricity Works, 
Manchester, England. 

AusTIN Bunr, General Superintendent 
and Engineer, Citizens Gas & Elec- 
tric Company, Waterloo, Iowa. 

Ерслв BuckiNGHAM HOLDEN, JR., Elec- 
trical Engineer, with Viele, Blackwell 
& Buck, 49 Wall St., New York City. 

Jonn Возмвм, WHITEHEAD, Associate 
Professor, Applied Electricity, Johns 
Hopkins University; Consulting Elec- 
trical Engineer, Baltimore, Md. 

Henry Epwarp Мовраџмт KENSIT, 
Electrical. Engineer, 19 North St., 
Toronto, Canada. 

Georce Cart SHAAD, Associate Pro- 
fessor of Electrical Engineering, 
Massachusetts Institute of Technol- 
ogy, Boston, Mass. 

JAMES ЕрсАЕ Мпљек, Electrical Engi- 
neer, Westinghouse Electric & Manu- 
facturing Company, Pittsburg, Pa. 


The Philadelphia Section, 
BY PAUL SPENCER* 

It is a great pleasure to-night to wel- 
come you allat the first meeting for the 
year of the Philadelphia Section of the 
American Institute of Electrical Engi- 
neers. In beginning our year's work, it 
will be profitabletospend a few moments 
in considering what the general aim of 
this Section should be, and in looking 
back over what has been accomplished 
in the five years since its organization, 
as well as in outlining briefly the policy 
of the present Board, to whom you have 
intrusted its affairs for the coming year. 


* Presented at a meeting of the Philadelphia 
Section, October 12, 1908. 


What, then, should be the aim of a 
section such as this? To carry it on 
represents a certain amount of work and 
entails on its members some degree of 
obligation, an obligation which bears 
most immediately, to be sure, upon its 
officers and managers, but which ex- 
tends also to each and every member. 
Is this work worth while? Can we apply 
the test of a commercial age to it and 
say that it pays? We, all of us, find an 
increasing number of obligations forced 
upon us. Some of these obligations we 
must accept. They lie in our line of 
duty. Ofthe others, we should pick and 
choose, accepting only those which seem 
to be for our benefit. Where does the 
work of this Section come in? Clearly, 
we must believe that it pays, returning 
to each of us a potential value in excess 
of the time and effort spent, a potential 
value that can some time be cashed in 
in the shape of dollars and cents, or 
otherwise we would not be here. Рег- 
sonally, I believe that the obligation en- 
tailed partakes somewhat of the nature 
of a duty, and can also be assumed 
with confident expectation of benefits 
to follow. The Constitution of the 
American Institute of Electrical Engi- 
neers states its objects to be the ad- 
vancement of the theory and practice 
of electrical engineering and of the al- 
lied arts and sciences, and the mainten- 
ance of a high professional standing 
among its members, and it furthermore 
provides for the formation of Sections 
for the purpose of more effectually 
carrying out the aims of the Institute. 

We, all of us here, are electrical en- 
gineers, or are connected in some wav 
with the work of this profession. We 
are all vitally interested їп its success, 
but more particularly are we interested 
in our own individual and personal suc- 
cess therein, or in some work allied 
therewith. Our bread and butter, and 
the bread and butter of those dependent 
upon us, 15 involved in that personal 
success. Now, the work of the elec- 
trical engineer, or, in fact, of any engi- 
neer, is preeminently one of coöperation., 
It seems unnecessary to dwell on this 
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obvious fact. Conceive, if you can, in 
this day of rapid progress in this most 
rapidly changing profession, of the ab- 
surdity of the electrical engineer who 
endeavored to practice his profession 
without keeping himself in touch with 
the ideas of his fellow workers. His 
tools are the knowledge which he may 
have of the principles of his profession, 
and the experience which he has gained 
in using these principles. The needed 
knowledge can hardly be obtained from 
text books, which become obsolete al- 
most over night, but can be obtained 
only from the ideas and experiences of 
his fellow workers, given forth during 
the rapid progress of the day's work, in 
papers, discussions, and conversations. 
The PRocEEDiNGs of the Institute rep- 
resent the text books in their making, 
and must be followed continuously by 
those of us who would keep pace with 
the rapid progress of the profession. 
But the studying of text books and the 
reading of printed papers are not the 
only ways of acquiring the necessary 
knowledge. The interchange of ideas 
among men working in the same field 
forms one of the most important means 
of this education. Ideas gained in this 
way have an added value. They carry 
with them the lively interest which 
comes from the play of one personality 
upon another. They call forth questions 
and answers, and the discussion which 
tollows helps to weed out such ideas as 
may have been too hastily formed from 
incomplete data, and to strengthen 
those which are essentially correct. It 
is, therefore, vitally important to an 
electrical engineer that he should asso- 
ciate himself with others in his same 
line of work, and in no way can such 
association be conveniently obtained ex- 
cept in some such organization as this. 

But there is another important fact 
in reference to increasing one's knowl- 
edge, and that is that there is no surer 
way to test the accuracy of one's ideas 
to one's own satisfaction than to for- 
mulate them and to endeavor to put 
them in such shape as to carry convic- 
tion to the minds of others. I take it 
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to be true that the attempt to write а 
paper on any subject, or the entering 
into a discussion with intelligent effort, 
will generally result in increasing the 
knowledge of the writer or speaker on 
that subject fully as much as it does his 
hearers. Not only, therefore, to gain 
knowledge from others should an engi- 
neer be anxious to associate with his 
co-workers, but also that he may 
solidify and clarify his own knowledge 
by giving it out to others. The oppor- 
tunity of listening to papers and the 
expressed ideas of others 15, therefore, 
one of the important advantages of 
such an organization asthis. The op- 
portunity of expressing his own ideas, 
and of gaining experience in presenting 
those ideas to others, is a second and 
still more important advantage. 

There is a third advantage, and this 
is perhaps one that will appeal most 
readily to all of us, and that is that in 
such an organization it is possible to 
most easily extend one's acquaintance 
among his fellow engineers. It is, I 
think, clear that one's friends and ac- 
quaintances form a most valuable asset. 
I do not think that I will be misunder- 
stood as placing a low or selfish value 
on friendship or acquaintanceship in 
emphasizing this point. I do not mean 
to intimate that we work our friends for 
our personal advantage, but in all walks 
of life we naturally turn for advice and 
assistance, or direct others for such as- 
sistance, to those whom we know and in 
whom we have confidence, based on a 
personal knowledge of their integrity, 
ability, апа experience. 

I. therefore, would say, to the younger 
members especially, take all the oppor- 
tunity you can to form the acquaintance 
of the fellow workers in your chosen 
profession, both your contemporaries 
and especially those who are older and 
of larger and greater experience than 
yourselves. The personal advantages to 
be derived from such an organization as 
this, rightly used, lie in the opportunity 
for personal contact with other engi- 
neers, with the resulting increase in 
one's knowledge through the inter- 
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change of ideas, and in the extended 
acquaintanceship which this contact 
gives. It unquestionably should be the 
aim of this Section to endeavor to give 
to its membership these benefits. 

Г have dwelt briefly on the advan- 
tages which we may gain by associating 
ourselves with such an organization, 
but as members of the profession I feel 
that there also 1s entailed an obligation 
on us which we cannot rightfully shirk. 
One of the objects of the formation of 
the Institute, as expressed in its Con- 
stitution, in the paragraph which I have 
already alluded to, is stated to be the 
maintenance of a high professional 
standing among its members. Аз the 
recipients of benefits from the great 
body of our fellow engineers, we 
should feel a personal obligation in 
joining with its recognized organization, 
and in endeavoring through that 
organization to improve its personnel, 
to correct its code of ethics, written 
or implied, and to endeavor to increase 
its standing among the other great 
professions of the world. 

Such, briefly, should be the aim of 
this Section, as a part of the American 
Institute of Electrical Engineers. The 
work of the past five years has shown in 
increasing measure a fulfilment of these 
ideas. The starting of the work was 
more or less feeble. Those of us who 
formed the organization had perhaps 
but slight acquaintanceship with each 
Each year has shown an in- 
creasing growth in the membership of 
the Section, in the numbers who have 
attended the meetings and in the inter- 
est shown in the meetings themselves. 
Each year, it can be safely said, has 
been better and more successful than 
the preceding one. We hope that this 
coming year may be still more success- 
ful, but to make it so we must have 
your coóperation. 

Definitely we would outline the fol- 
lowing policy: 

1. We wish to increase the member- 
ship of the Institute, and of this Sec- 


.tion, by adding as members all not now 


members who may be eligible. 
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2. Along this line, we wish to interest 
the electrical engineering students of 
the various technical institutions in our 
territory, as in this class is included the 
most desirable material for future mem- 
bership in the Institute. To this end, I 
have appointed a special Committee on 
Students. 

3. We want an even better attend- 
ance at the dinners, and a greater in- 
crease in the sociability of our meetings, 
The accomplishment of this purpose lies 
largely in the hands of the individual 
members. 

4 We hope to make the meetings 
deal largely with subjects that will be 
of local interest, presented by repre- 
sentatives of Philadelphia's important 
electrical interests. 

5. We desire particularly to have a 
more general discussion, and to extend 
the active participation in the meetings 
among as many as possible of those who 
have not before taken an active part, 
and particularly among the younger 
men. To this end, we hope to be able 
to lay out later in the season one or 
two evenings that will be given over to 
topical subjects in such a way as to in- 
clude a large number in the presenta- 
tion of the papers and the discussion 
t hereon. 

In conclusion, you will see that the 
above program will entail upon the 
management the necessity of making 
the evenings of interest to its member- 
ship, but will also require the assistance 
of the members themselves. If any fur- 
ther argument be needed to enlist your 
coóperation, I would appeal to your 
pride in Philadelphia as a centre ot elec- 
trical interests. We have just passed 
through a week of delirious celebration. 
Now that the tumult and the shouting 
has died, there cannot help but be left 
in our minds an increased pride in our 
city, as we have had brought to our at- 
tention the splendid background of tra- 
dition which is hers. Let me also refresh 
your minds by calling attention to the 
fact that among the other first things 
which happened in Philadelphia, though 
not included in the gorgeous pageant of 
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last week, was the first meeting in this 
city, twenty-four years ago, in this very 
month of October, of the American In- 
stitute of Electrical Engineers. The 
Philadelphia Section was not the first 
of the branch organizations of the Insti- 
tute to be formed, but it has taken a 
front rank among all the Sections as en- 
deavoring to carry out in its own 
membership those ideals which the In- 
stitute as a whole represents to the en- 
tire profession. Gentlemen, we ask you 
to give us your coóperation in maintain- 
ing that position. 


Sections and Branches 


ARMOUR INSTITUTE OF TECHNOLOGY 
BRANCH 

At the first meeting of the school year 
for this Branch, held in Chapin Hall, 
Oct. 1, Mr. P. G. Downton read a paper 
on ' Booster Systems." This paper 
dealt entirely with boosters used in 
connection with storage-battery instal- 
lations. Each type was taken up and 
explained in detail by means of dia- 
grams. Special stress was laid upon the 
automatic types, both reversible and 
non-reversible. The speaker cited cases 
where boosters were used, and gave in- 
teresting figures showing the improve- 
ment and saving in the service ren- 
dered. The size of the plant in relation 
to the system employed was taken up 
and the speaker pointed out the condi- 
tions governing this choice. The use of 
storage-batteries in connection with 
alternating-current installations was 
touched upon and some of the booster 
schemes used were explained. In the 
discussion following the reading of the 
paper, Mr. Simpson explained in detail 
the split-pole synchronous converter 
and its relation to alternating-current 
central station economy. 


BALTIMORE SECTION 
The Baltimore Section held a meeting 
on October 9. 1908, Dr. J.B. Whitehead 
presided, and there was an attendance 
of 25 members and 16 visitors. Dr. 
Whitehead presented his report as dele- 
gate to the Atlantic City convention of 
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the Institute. This was followed by a re- 
view of Mr. E.J. Berg'sconvention paper 
" Tests with Arcing Grounds and Con- 
nections," by Mr. Carroll Thomas. Dr. 
L. M. Potts reviewed Mr. Reginald 
Fessenden's paper on '' Wireless Tele- 
phony.” 


CLEVELAND SECTION 

The Cleveland Section held its open- 
ing meeting of the year in the Case 
School of Applied Science, Electrical 
Building, Monday, September 21, 1908, 
Mr. C. W. Ricker presiding. There was 
an attendance of 36. Mr. Ricker brought 
up for discussion a proposition for se- 
curing a more suitable meeting place, 
which was not acted upon, but left in 
the hands of the executive committee. 
The subject of the evening, '' Some 
Tests Made by the Brooklyn Rapid 
Transit Company to Predetermine the 
Load on an Elevated System," was 
very ably presented by Mr. H. L. Wal- 
lau, who had charge of this work. Some 
discussion followed, several traction 
men present taking part, making the 
meeting very interesting and instruc- 
tive. 


Еовт WAYNE SECTION 

The first regular meeting of the Fort 
Wayne Section was held at the offices 
of the Fort Wayne Engineering Com- 
pany, Michael Building, Mr. E. A. 
Wagner presiding. There was a fairly 
good attendance of the members of the 
Section, and the meeting was of a purely 
` business nature. The organization com- 
mittee submitted a set of by-laws which 
were considered and adopted. The fol- 
lowing officers were elected for the year 
1908-1909: E. A. Wagner, chairman; 
J. J. Kline, vice-chairman; J. V. Hun- 
ter, secretary; executive committee, T. 
R. Cook, C. H. Kelsay, and F. S. 
Hunting. 

The second regular meeting of the 
Section was held Thursday evening, 
October 8, 1908. The meeting was 
preceded by ап enjoyable dinner 
at the Homestead Cafe. A large per- 
centage of the members were present 


and there were a number of visitors. 
The meeting was called to order by the 
chairman, Mr. E. A. Wagner, and dis- 
cussions on two subjects of interest 
were opened by members giving a ré- 
sum‘ of the recent papers upon these 
subjects. The first, “ Lightning Ar- 
resters and Lightning Phenomena ”’ 
was taken up by Mr. Earl B. Hoff and 
followed by a discussion. The second, 
" Water Power Development," was 
taken up by Mr. Walter Kent and an 
animated discussion followed, most of 
the members present taking part. 

The question ofthe continuance of the 
policy of having a dinner before the 
meetings was brought up and it was de- 
cided to try it for some months in order 
to see whether it would be practicable 
to continue. It was the opinion of all 
the members present that this would 
be a very enjoyable feature with which 
to open an evening of business. 


Los ANGELES SECTION 

The Los Angeles Section held its reg- 
ular meeting on Tuesday, September 
15, 1908, at the University of Southern 
California. There were present 24 mem- 
bers and 58 visitors. The executive 
committee reported the election of the 
following officers: C. W. Koiner, chair- 
man; J. E. MacDonald, secretary, and 
Ed. Woodbury, assistant secretary. Mr. 
J. В. Atchison, superintendent of con- 
struction, with. Charles C. Moore & 
Company, presented a paper on “А 
Modern Steam Power Central Station." 
The following members participated in 
the discussion that followed: Messrs. 
T. A. Panter, Ralph Bennet, V. L. 
Benedict, C. A. Copeland and J. A., 
Lighthipe. 


MONTANA AGRICULTURAL COLLEGE 
BRANCH 

A meeting of this Branch was held 
in the electrical lecture room on Friday, 
October 9, 1908. There was an attend- 
ance of 20. Mr. W.G. Kirscher read an 
interesting paper on ‘ Review of the 
Year’s Work of the Institute.” This 
was followed by an experimental lecture 
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on electrolytic rectifiers, by Mr. P. C. 
Rawls. Mr. Rawls said that his atten- 
tion was first called to the subject by an 
article of a German scientist, on a pecu- 
liar property of aluminum when used 
as an electrode in an electrolytic cell; 
namely, the difference in the resistance 
of the electric current when passed 
through the cell from the aluminum to 
the neutral electrode; being less than 
when flowing from the neutral to the 
aluminum electrode. Mr. Rawls gave a 
scientific explanation of the cause of 
this difference, illustrating it with a 
number of interesting experiments. 
The experiments were conducted with 
simple aluminum cells and a small 
rectifying set. 


NoRFOLK SECTION 
The first fall meeting of the Norfolk 
Section was held in the city electrician's 
office, Williams and Talbott streets, on 
October 9, 1908. The chairman, Мг. 
D. G. Stanbrough, presided, with an 
attendance of 21. There being no 
business before the Section, and no 
papers presented, Mr. Stanbrough gave 
a long and interesting talk on the design 
of circuits and the installation of 

underground cable systems. 


PHILADELPHIA SECTION 

The forty-eight h meeting of the Phila- 
delphia Section was held on October 12, 
1908, in the meeting room of the Phila- 
delphia Electric Building. There was a 
total attendance of 70. Mr. Paul Spencer 
presided, and delivered an address re- 
lating to the work of the Section. In 
touching upon the general aim of the 
section, Mr. Spencer reviewed the work 
that had been accomplished in the five 
years since its organization, and out- 
lined briefly the policy for the future. 

Mr. W. С. L. Eglin presented the re- 
port of the Institute convention com- 
mittee, and stated that after all debts 
had been paid and a refund of approx- 
imately 5095 made to each subscriber 
to the convention fund, a balance of $50 
remained. Mr. Eglin offered this bal- 
ance to the Section, and it was accepted. 
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The following committees were ap- 
pointed: Papers, Membership, Editing, 
Reception, Dinner, Students, and Advi- 
sory. Mr. Day made a few remarks on 
the work of the papers committee and 
requested the coóperation of the mem- 
bers. 

The paper of the evening, '' Increas- 
ing the Output and Economy of a Non- 
Condensing Station by the Use of Ex- 
haust Steam Turbines ", by Messrs. W. 
5. Twining and У. C. Kerr, was present - 
ed by Mr. Kerr. The paper was illus- 
trated by lantern slides, and an ani- 
mated discussion followed, in which 
the following gentlemen participated: 
Messrs. Porter, Weelts, Stevens, Dodge, 
McFarren, Hornor, Dyatt, Spencer, 
Cheyney, Temple, Painter, Bibbins, and 
Klumpp. 


PITTSBURGH SECTION 

The regular October meeting of the 
Pittsburgh Section was held in the 
lecture hall of the Carnegie Institute 
on the 13th. Seventeen members at- 
tended the informal dinner held at the 
University Club immediately preceding 
the meeting. The evening was devoted 
to the presentation and discussion of 
two original papers. The subject of the 
first paper was '' The Oscillograph and 
Some of Its Uses,” by Mr. H. H. 
Galleher, engineer of the high tension 
testing laboratory of the Westinghouse 
Electric & Manufacturing Company, and 
the second, ''The Testing of Large Alter- 
nating Current Generators ", by Mr. L. 
E. Schumacher, of the dynamo testing 
department of the same company. The 
papers were illustrated by lantern 
slides. Mr. Galleher's paper dealt with 
the practical application of the oscillo- 
graph to everyday problems and ex- 
plained its general construction, opera- 
tion, adjustment and repairs. Professor 
5. M. Denton, of the Carnegie Institute. 
supplemented Mr. Galleher's paper with 
a talk on the application of the osciile- 
graph to the solving of complex preb- 
lems in phase relation, and showed how 
essential this instrument has become in 
large power transmission plants as a 
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means of explaining perplexing phenom- 
ena. He advocated the purchase of 
such instruments by high tension cen- 
tral stations generally. Мг. Denton 
then gave an interesting description of 
the Irwin Hot Wire Oscillograph, which, 
he stated, gives great promise as a cheap 
and sufficiently accurate instrument for 
such purposes. The subject was further 
discussed by Messrs. R. P. Jackson, S. 
M. Kintner and A. W. Copley. 

Мг. Schumacher’s paper dealt par- 
ticularly with the tests on the large 
$770 kw., 12,000-volt, three-phase gen- 
erators of the Ontario Power Company 
at Niagara Falls, which were tested 
after erection. The methods of testing 
and some of the results were given. 

The paper was discussed by Messrs. 
Р. М. Lincoln, W. L. Waters, F. Р. 
Newbury and C. Renshaw, special com- 
ment being made on the water rheostat 
and the use of temperature coils to ascer- 
tain temperatures in places where ther- 
mometers could not be used. 


PITTSFIELD SECTION 

The Pittsfield Section held a prelim- 
inary meeting early in September, for 
the purpose of electing officers: The 
following were elected: W. A. Hall, 
chairman; H W. Tobey, secretary; ex- 
ecutive committee, C. C. Chesney, W. S. 
Moody, J. Insull, H. L. Smith, S. H. 
Blake. It was planned to commence 
the regular meetings for the season the 
last week in October or the first week 
in November. 


PURDUE UNIVERSITY BRANCH 

The Purdue University Branch held 
its first meeting of the season Septem- 
ber 22, 1908, in the lecture room of the 
Electrical Building, with an attendance 
of 38, vice-chairman J. R. Ong presid- 
ing. In his opening remarks Mr. Ong 
urged that the enrolled students take 
greater part in the discussions of sub- 
jects of papers presented before the In- 
stitute. Mr. E. S. Baker, who for the 
past five years has been connected with 
the General Electric Company, then 
gave a very interesting talk on that 
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company, describing in detail the course 
given there to college students and 
other men of technical training. Mr. 
Baker went very thoroughly into the 
subject, and many questions were asked 
him respecting the plant and social 
conditions at Schenectady 


SAN FRANCISCO SECTION 

This Section held a meeting on July 
24, 1908, which was presided over bv 
Mr. P. M. Downing, there being an at- 
tendance of 83. The subject of the even- 
ing was a paper by Mr. F. E. Vickers, 
entitled '" The Curtis Turbine." It was 
decided to hold no meeting in August. 


SEATTLE SECTION 

The Seattle Section opened its busi- 
ness of the season on September 19, 
1908, with an informal dinner in the 
banquet room of the Seattle Athletic 
Club. After an enjoyable repast plans 
for the coming season were discussed. 
The subject of local membership re- 
ceived a considerable share of attention. 
This was followed by a pleasing address 
by the chairman, Mr. J. Harisberger, 
who was the Seattle delegate to Atlantic 
City, giving his impressions of the con- 
vention. Ап invitation extended by the 
Automatic Telephone Company to the 
members of the Section to make an in- 
spection trip to the Tacoma “ girlless ” 
central office, was read, and it was 4е- 
cided to accept the invitation and make 
the trip in place of the regular Novem- 
ber meeting. 


STANFORD UNIVERSITY BRANCH 

This Branch held a meeting on Sep- 
tember 28, 1908, there being an atten- 
dance of 16. Professor S. B. Charters, 
who conducted a series of tests for 
the Westinghouse Electric & Manu- 
facturing Company some years ago, 
gave an interesting talk on “ Insulation 
Testing ", covering very thoroughly 
the difficulties encountered in the 
practical carrying out of such tests. 
He went at some length into the ad- 
vantages and disadvantages of various 
kinds of insulation, and samples of the 
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different materials, both before апа 
after treatment, were exhibited. 


SYRACUSE UNIVERSITY BRANCH 

The first meeting of this Branch, for 
the year 1908-9, was held on October 
15, 1908, Mr. W.P. Graham presiding. 
Mr. H. G. Hopkins gave an abstract of 
the Institute paper by J. F. Vaughn, on 
‘‘ Comparative Tests of Lightning Pro- 
tective Devices." Mr. W. J. Stube ab- 
stracted the paper by Mr. N. J. Neall, 
on “ Studies in Lightning Performance, 
Season of 1907." А general discussion 
of these papers followed. The secretary 
announced a proposed plan for the es- 
tablishment of a local membership list 
for those desiring to become members 
of the Branch, who are not members of 
the Institute. Final action was deferred. 


TOLEDO SECTION 

The Toledo Section opened its season 
by holding a banquet at the Boody 
House, Friday evening, September 11. 
Mr. M. W. Hansen, chairman of the 
program committee, had charge of the 
arrangements, and after an excellent 
dinner, acted as toastmaster. In well 
chosen words Mr. Hansen emphasized 
the extent of the work of Mr. H. B. 
Dorman in organizing and bringing the 
Section to its present state of useful- 
ness. Іп recognition of this work, as 
well as Mr. Dorman’s services as chair- 
man of the membership and executive 
committees, a resolution. was passed 
tendering him the thanks of the Section. 
As a further expression of appreciation 
of the members, Mr. Dorman was pre- 
sented with a gold-handled umbrella, 
which was suitably engraved. In the 
general conversation which followed Mr. 
Hansen's remarks, the future work of 
the Section was outlined. Mr. George 
E. Kirk, who represented the Section at 
the Atlantic City convention, then re- 
sponded to an invitation to outline the 
attitude of the Institute towards Sec- 
tions. Мг. Kirk detailed the action 
taken at the Sections meeting at the 
convention, held under the auspices of 
the Sections Committee, and concluded 
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with a general account of the conven- 
tion, which was listened to with much 
interest. 

The regular monthly meeting was 
held on Friday, October 2, 1908, in the 
Builders Exchange. After the routine 
business had been transacted, Father 
Hillig, of St. John's College, delivered 
an entertaining address on the aurora 
borealis, recently quite noticeable. 
Father Hillig went into a scientific ex- 
planation of the cause of the phenom- 
ena, which was both entertaining and 
instructive. 

In discussing the regular subject of 
the evening, Mr. George E. Kirk ex- 
plained the origin of the term " patent ”’, 
touching upon the early monopolies 
existing thereunder, and the develop- 
ment of the present patent system for 
inventions. The organization and opera- 
tion of the United States Patent Office 
was also explained, and in order to 
bring out more clearly the points dis- 
cussed, quite a number of patents were 
exhibited for examination. 


UNIVERSITY OF CINCINNATI BRANCH 

A meeting of this Branch was held 
on September 29, 1908. Mr. C. Wylie 
presided, and there was an attendance 
of 16. Mr. Wylie was re-elected chair- 
man, and Mr. C. A. Winder was elected 
secretary. A paper was read by Messrs. 
Brandt and Balman on the induction 
motor and the application of the circle- 
diagram. 


UNIVERSITY OF KANSAS BRANCH 

This Branch held a meeting on Octo- 
ber 8, 1908, and there were present 33 
members and guests. Mr. L. V. Palmer 
reviewed the convention paper of Mr. 
Reginald Fessenden on “ Wireless Tele- 
phony.” Professor M. E. Rice reviewed 
the paper by Messrs. Kennelly and 
Whiting, on “ The Measurement of Ro- 
tary Speeds of Dynamo Machines by 
the Stroboscopic Fork." Mr. Burton 
McCollum described the stroboscopic 
method he had used in studying the 
slip of 1nduction motors. А general dis- 
cussion followed each paper. 
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UNIVERSITY OF Missouni BRANCH 

The University of Missouri Branch 
held its first meeting of the year on 
October 10, 1908, at Columbia, Pro- 
fessor H. B. Shaw presiding, with a 
total attendance of 14. The officers of 
the preceding year were re-elected. 
The chairman outlined the purpose and 
the scope of Institute work and urged 
upper classmen particularly to become 
active members of the Branch. It was 
thought best that those present be con- 
stituted a committee of the whole to 
arouse interest and increase the mem- 
bership. Decision as to conduct of local 
meetings is to be made at an early date. 


UNIVERSITY OF TEXAS BRANCH 

The first meeting of this Branch was 
held Friday night, October 9, 1908. 
Eighteen members and visitors were 
present. The following officers were 
elected for the ensuing year: A.C. Scott, 
chairman; B.E. Kenyon, secretary and 
treasurer. Ап executive committee of 
three members was appointed. 

A paper entitled ' Commercial Insu- 
lation of Wire '', was read by the secre- 
tary, and proved interesting and in- 
structive. This paper was furnished 
through the courtesy of the Interna- 
tional Lecture Institute of New York. 


URBANA SECTION 

A meeting of this Section was held at 
the University of Illinois on the evening 
of October 7, 1908, with an attendance 
of 58. Officers for the following year 
were elected as follows: Professor Ellery 
B. Paine, chairman; Professor E. H. 
Waldo, vice-chairman; Mr. E. I. Wen- 
ger, secretary; Mr. F. G. Willson, 
treasurer, 

Professor Morgan Brooks and Mr. J. 
M. Bryant made a report of the Atlantic 
City convention of the Institute. Pro- 
fessor Ellery B. Paine gave an account 
of his travels in Europe during the past 
summer. He described in detail an elec- 
tric power plant which is an example 
of the best engineering in northern 
Italy. This plant is located at Zogno on 
the southern extremity of the Berga- 


mesque Alps. The distinctive features 
of this plant are: the evidence of most 
careful study of even the smallest engi- 
neering details, the substantial charac- 
ter of all the construction work, the 
pleasing architecture of the station build- 
ing, the harmonious coloring and deco- 
ration of the interior, and the elastic 
steel towers placed on the crests of the 
elevations to support the transmission 
wires in long spans across the ravines 
and valleys. 


WASHINGTON SECTION 

A meeting of the executive committee 
of the Washington Section was held on 
September 11, 1908. Mr. H. C. Eddy 
was elected secretary of the Section, 
succeeding Professor Louis D. Bliss, 
who was elected last spring, and found 
it imvossible to accept the office on ac- 
count of pressure of other duties. It 
was proposed to frame a new set of by- 
laws to govern the Section, and it was 
decided to call a meeting early in Octo- 
ber for this purpose. 


WASHINGTON UNIVERSITY BRANCH 

The first meeting of the Washington 
University Branch for the new school 
year was held in Cupples Hall II on the 
afternoon of October 7, 1908. С.М. 
Duncan presided. There were nine 
members present; no visitors. The only 


business transacted was the election of - 


Н.Е. Thomson, of the junior class, tothe 
office of secretary-treasurer. The ad- 
visability of holding some of the meet- 
ings at night, instead of all in the after- 
noon, was discussed. This would enable 
the members to hear addresses by prom- 
inent engineers in the city who are too 
busy to attend in the daytime. The 
plan met with general approval among 
those present. 


WORCESTER POLYTECHNIC BRANCH 

The first meeting this year of the 
Worcester Polytechnic Branch was held 
Friday night, October 9, 1908, in the 
lecture hall of the Electrical Engineering 
Building. There was an attendance of 
60. Mr. A. R. Powers, who was on the 
apprenticeship course with the Westing- 
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house Electric and Manufacturing Com- 
pany during the summer of 1906, spoke 
very interestingly of his work in various 
departments of that company, and con- 
cluded by summing up the advantages 
to be obtained from such a course. Mr. 
W. A. Darrah gave a talk on '' Some 
Impressions of the U. S. Patent Office." 
He spoke of taking the oath of office 
and of his introduction to his duties, 
laying especial stress upon the pleasant 
associates in the work, and the agree- 
able surroundings. His description of 
the classification of the work was hu- 
morous and interesting. He very clearly 
described the process of examining a 
patent, mentioning some interesting in- 
cidents illustrating the operation, in 
conclusion touching upon the advan- 
tages and disadvantages of this par- 
ticular kind of work. Mr. D. H. Mace, 
who since his graduation has been in 
the testing department of the General 
Electric Company, gave an instructive 
and detailed account of his year's ex- 
perience, describing the classification 
and conduct of the work. Other sub- 
jects touched upon by Mr. Mace were, 
construction and assembling work, test- 
ing railway motors, floor tests on small 
machines, and motor-generators. Mr. 
К. T. Pollock spoke on “ Some Experi- 
ences with the Boston Elevated Кап- 
way Company." Не told of his work 
as pitman; then in the inspection. de- 
partment, inspecting motors; later, on 
general inspection; and finally, with the 
electrical engineer. The paper gave au 
interesting account of several special 
tests and described many feat ures of the 
Boston Elevated system. Professor H. 
B. Smith spoke briefly on the advan- 
tages to be derived from being an en- 
rolled Student of the Institute. 


—— 


Electrical Engineers 


TECHNOLOGIC BRANCH, UNITED STATES 
GEOLOGICAL SURVEY 
NOVEMBER 9, 1908 

The United States Civil Service Com- 
mission announces an examination on 
November 9, 1908, to secure eligibles 
from which to make certification to fill 
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a vacancy in the position of electrical 
engineer in the Technologic Branch, 
Geological Survey, at a salary ranging 
from $1,620 to $3,000 per annum, ac- 
cording to the rating received, and va- 
cancies requiring similar qualifications 
as they may occur. 

Competitors will not be assembled 
for any of the tests. 

It is desired to secure persons who 
have had broad training and experience 
in electrical engineering, especially in 
connection with coal mining operations, 
and who will be fully qualified to under- 
take original investigations into the 
conditions under which electricity may 
be safely used in coal mining. 

The examination will consist of the 
subjects mentioned below, weighted as 
indicated: 

Subjects. Wesghts. 

]. Education and technical train- 
ing, including postgraduate work... 35 

2. Technical or professional ex- 
perience in electricity as applied to 


coal тиипр..................... 85 

3. Experience in general elec- 
trical МОВ олова 30 
Total otk eee tate Set 100 


Age limit, 21 years or over on the 
date of the examination. 

This examination is open to all citi- 
zens of the United States who comply 
with the requirements. 

This announcement contains all tnfor- 
mation which ts communicated to appli- 
cants regarding the scope of the examina- 
tion, the vacancy or vacanctes to be filled, 
and the qualifications required. 

Applicants should at once apply to 
the United States Civil Service Commis- 
sion, Washington, D. C., for application 
Form 304 and special form. No appli- 
cation will be accepted unless properly 
executed and filed with the Commission 
at Washington prior to the hour of clos- 
ing business on November 9, 1908. In 
applying for this examination the exact 
title as given at the head of this an- 
nouncement should be used in the ap- 
plication. 

Issued October 5, 1908. 
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Personals 
Mr. James К. WirsowN, formerly of 
New York City, is now residing at Ni- 
agara Falls, New York. 


Mr. WALTER L. Upson has accepted 
an appoint ment as assistant professor of 
electrical engineering in the Ohio State 
University. 


Mr. CARL WiscHMEYER has accepted 
the position of instructor in drawing 
at Rose Polytechnic Institute, Terre 
Haute, Ind. 


Mr. Е. К. Brainarp has been ap- 
pointed instructor in physics, and will 
have charge of the electrical measure- 
ments courses, at the University of 
Wisconsin. 


Mr. S. В. Поррз, formerly an in- 
structor in electrical engineering at 
Cornell University, is now in the West, 
and stopping temporarily at Seattle, 
Washington. 


Mr. Doucras Е. Втлск, of Montreal, 
and formerly with Albert B. Herrick, is 
now with the Illinois Traction System, 
in the motive power and equipment de- 
partment, at Decatur, Ill. 


Mr. Epwarp M. BENTLEY, who 15 
now a member of the patent law firm of 
Betts, Sheffield, Bentley and Betts, has 
removed from 120 Broadway to 52 
William Street, New York 


Mr. Упллам L. CocGiN, formerly 
' with the General Electric Company, at 
Lynn, Mass., is now with the Boston 
Elevated Railway Company, at the 
Charlestown power station. 


Mr. Н. W. WILDER, who recently 
completed a two-year contract with 
the Siamese government, at Bangkok, 
Siam, is now with the Southern Bell 
Telephone Company, at Atlanta, Ga. 


Mr. James C. Dow, of Mankato, 
Minn., is doing special work in connec- 


tion with the 20,000 h.p. steam plant 
and sub-station of the Helena Power 
Transmission Company, in Butte, Mont. 


Mr. RALPH W. Knass, with the Cam- 
pion McClellan Company, of New York, 
has been sent to Milford, N. J., as elec- 
trical and mechanical engineer, to look 
after the erection of a plant for a paper 
mill. 


Ковевт H. MiTCHELL, formerly with 
the Twin State Gas & Electric Com- 
pany, of Brattleboro, Vermont, is now 
in the employ of the Public Service 
Commission, First District, New York 
City. 


Mr. LAWRENCE J. GALLAGHER has 
resigned from the physical science de- 
partment of Wadleigh High School to 
accept an appointment in the examining 
division of the United States Patent 
Office. 


Mr. Hvcu A. CALDERWOOD has been 
reappointed instructor in electric wiring 
in the Carnegie Technical Schools, 
Pittsburgh, which position he has 
occupied since the organization of the 
schools. 


Mn. А. S. Гошвлих has left his 
position with the New York Edison 
Company and is now with the Con- 
solidated Gas, Electric Light & Power 
Company at Baltimore, as electrical 
engineer. 


Мк. A. J. DARRAH has been appointed 
manager of the Van Wert Public Ser- 
vice Company, of Van Wert, Ohio. 
The company was formerly the Gas, 
Electric Light and Power Company of 
Van Wert. 


Mr. C. W. NICKERSON, JR., recently 
with the Westchester Lighting Company 
Mt. Vernon, N. Y., as inspector of con- 
struction, has accepted a position with 
the American Boiler Company, Phila- 
delphia, Pa. 
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Mr. С. I. ZIMMERMAN has resigned 
his position as metallurgical engineer for 
the Carborundum Company, of Niagara 
Falls, to take up research work as a 
graduate student at the University of 
Wisconsin. 


Mr. W. H. Carvin has left the firm 
of H. Eckstein & Company, of Johannes- 
burg, to take over under lease and op- 
tion the Moodie's Fortuna Gold Mining 
Company, Ltd., Barberton, Transvaal, 
South Africa. 


— 


Mr. RoBERT W. Арамз, formerly 
assistant to the general manager of the 
D. & W. Fuse Company, at Providence, 
R. L, has joined the engineering staft 
of the General Electric Company at 
Pittsfield, Mass. 


Mn. ]онх Н. РЕАЕСЕ has resigned 
his position on the engineering staff of 
the Missouri River Power Company, 
and is now electrical engineer of the 
Elkhorn Electrometal Company, Elk- 
horn, Montana. 


Ме. В. T. ВвоокЕ has severed his 
connection with the Florida Electric 
Company, of Jacksonville, Fla., to 
accept a position as sales agent, with 
the General Electric Company, at their 
Atlanta, Ga. office. 


Mr. А. Мем.наурт, JR., formerly а 
student at the Pennsylvania State Col- 
lege, has entered in the fourth year at 
the Massachusetts Institute of Tech- 
nology, and is residing at Technology 
Chambers, Boston. 


Mr. А. W. К. Bitrixcs has reopened 
his office as consulting engineer at Ha- 
vana, Cuba, having recently completed 
the construction of the tramway system 
and extension of lighting system in 
Santiago de Cuba. 


Mr. CHARLES J. SPENCER, of Balti- 
more, having successfully passed the 
civil service examination held in Balti- 
more in April, has been appointed as- 
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sistant examiner in the patent office at 
Washington, D. C. 


Mr. Leo Н. Newman, until lately 
stationed at Roxbury, Mass. U. S. 
Signal Corps, has received orders to 
proceed to Fort Stevens, Oregon, to 
take up work in connection with fire 
control installations. 


Мк. С. L. Morcan has left the 
Simplex Electric Company, of Boston, 
to affiliate himself with the Chicago 
branch of the Studebaker Automobile 
Company, particularly in connection 
with commercial vehicles. 


Мк. Н. Н. Heaton, of the Missouri 
River Power Company, Helena, Mon- 
tana, has been transferred from their 
Hauser Lake generating station to the 
operating department at the  Ana- 
conda, Montana, station. 


Мк. Јонх Н. Woottiscrort, formerly 
with the Sandycroft Foundry Company, 
of Chester, England, has associated him- 
self with H. T. Boothroyd, Hyslop & 
Company, electrical engineers, of Liver- 
pool, as general manager. 


Mr. W. L. Арзтох, lately in the com- 
mercial department at the Schenectadv 
works of the General Electric Company, 
has been transferred to their Charleston, 
W. Va. office, where he will be actively 
engaged in commercial work. 


After four years' experience with the 
New York Transportation Company. 
Mr. CHARLES M. MansH has accepted 
the position of mechanical superinten- 
dent with the Terminal Taxicab Com- 
pany, of Washington, D. С. 


Mr. СЕОВСЕ К. Уооржовтн, of 
Browne & Woodworth, patent attor- 
nevs, announces the removal of their 
oftices from 31 State Street, Boston, to 
the new Hornblower & Weeks Building, 
at 60 Congress Street, Boston. 
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MR. Тномлѕ B. Мовслм, formerly 
with the Metropolitan Railway, Lon- 
don, has been appointed assistant man- 
ager in the electrical department of 
Messrs. Harland & Wolff, shipbuilders 
and engineers, Belfast, Ireland. 


Мк. К. А. LaNcwonrHy, of Meikle- 
ham & Dinsmore, has been transferred 
from New York to Seneca Falls, N. Y., 
where he will have charge of rebuilding 
the Geneva, Waterloo, Seneca Falls & 
Cavuya Lake Traction Company. 


Mr. Freperic H. Poor has been 
transferred from the engineering light- 
ing department of the General Electric 
Company, Schenectady, to the com- 
mercial lighting department of the New 
York ofhce of the same company. 


Мк. C. S. Davis, who until July 1 
was connected with the engineering 
department of the Holtzer-Cabot Elec- 
tric Company, of Brookline, Mass., is 
now superintendent of the Marlborough 
Electric Company, Marlborough, Mass. 


Mr. L. W. КОЗЕХТНАГ, until recently 
with the electrical department of the 
N. Y. C. & H. В. R.R., will leave for 
Central America about November 1, on 
reconnoissance work in connection with 
a projected steam or electric railroad. 

Mr. Howarp Е. Eaton, for several 
vears connected with Stone & Webster 
of Boston, Mass., has recently been 
appointed acting manager of the Brock- 
ton & Plymouth Street Railway Com- 
pany, with headquarters at Plymouth, 
Mass. 

Mr. WiLLiAM H. Browne, of Brook- 
lyn, formerly with the Stanley Instru- 
ment Company, at Great Barrington, 
Mass., has taken charge of the southern 
office of the Rockingham Power Com- 
pany, at Rockingham, N. С.. as general 
manager. 


Mr. Г. W. Рниллрз, who has recently 
been engaged in construction work, 


with an office at 208 Balboa Building, 
San Francisco, has accepted a position 
with the Ventanas Mining & Explora- 
tion Company, Ltd., Ventanas, Durange 
Mexico. 


-— 


Mr. T. C. James has resigned his posi- 
tion with the Canadian Iron & Foundry 
Company, Fort William, Ont., where 
he had charge of electrical construction, 
and accepted a position on the stati of 
the electrical engineez for the city of 
Toronto, Ont. 


Dr. C. C. САккАнр has resigned his 
position as manager of the transformer 
and instrument department of Messrs. 
Ferranti, Ltd., to take the post of man- 
ager of the switch department of the 
General Electric Company, Ltd., of 
Manchester, England. 


Mr. W. Н. Милек recently resigned 
his position with the power and mining 
engineering department, General Elec- 
tric Company, Schenectady, and ac- 
cepted the position of electrical engineer 
of the Bausch & Lomb Optical Com- 
pany, Rochester, N. Y. 


Мк. Ержакр А. Bessey, who has 
been connected with the Pittsfield works 
of the General Electric Company. for- 
merly the Stanley Electric Manufactur- 
ing Company, has left Pittsfield and 15 
now with the Denver Gas & Electric 
Company, Denver, Colo. 


Dr. S. №. Тлугов, who formerly had 
charge of the electrical engineering de- 
partment at the University of Pitts- 
burgh, has severed his connection with 
that institution and accepted the pro- 
fessorship of electrical engineering at 
the University of Cincinnati. 

Mr. L. B. Marks, formerly at 220 
Broadway, New York, and Mr. J. E. 
Woodwell, until recently engineer in the 
U. S. Government service, at Washing- 
ton, have associated and opened оћісеѕ 
in the Terminal Building, 4156 Street 
and Park Avenue, New York. 


~ - =+ 
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Mn. J. G. Ross, who has just returned 
from a visit to England, is now engaged 
in consulting work relating to the de- 
sign and intallation of various types of 
electrical machinery, and also making a 
specialty of the design and building of 
tools for electric railroad shops. 


Mr. J. M. RoBErRTSON has severed his 
connection with the Montreal Light, 
Heat & Power Company, of Montreal, 
Canada, to enter the field of consulting 
engineering, under the firm name of J. 
M. Robertson, Ltd., with offices in the 
Board of Trade Building, Montreal. 


MR. ALLEN B. FELD, for four years 
connected with the Bullock Electric 
Mfg. Co. and the electrical department 
of Allis Chalmers Company, in charge of 
their alternating-current work, except- 
ing transformers, has severed his con- 
nection with the Allis Chalmers interests. 


Mr. С. E. FAIRBANKS, formerly divi- 
sion equipment engineer for the New 
York & New Jersey Telephone Com- 
pany, has resigned to become chief en- 
gineer of power, heating and electricity 
for the Gorham Manufacturing Com- 
pany, with headquarters at Providence, 
R. I. 


Мк. W. H. ТАРЬЕУ, until recently 
general manager of the Walker Electric 
Company, Philadelphia, has been elect- 
ed secretary treasurer of the American 
Association of Electric Motor Manufac- 
turers, with offices in the United Engi- 
neering Society Building, New York 
City. 


Mn. J. S. CopMAN, illuminating engi- 
neer, has recently been appointed man- 
ager of the Boston office of the Holo- 
phane Company. Mr. Codman had for 
many years represented the Holophane 
Company as manager of the firm of J. 
S. Codman & Company, Manufacturers' 
Agents. 


Mr. Irving W. Epwanps is leaving 
the Westinghouse, Church, Kerr & Com- 
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pany, New York, to take a position as 
electrician in charge of the wireless tele- 
graphy equipment to be used in Fred- 
eric Thompson's new play, ‘ Via Wire- 
less," of which Mr. Edwards is part 
author. 


Mr. Davip HALL, for six years assist- 
ant chief engineer of the Bullock Elec- 
tric Mfg. Co., and assistant chief engi- 
neer of the electrical department of 
Allis Chalmers Company, in charge of 
their direct-current work, has severed 
his connection with the Allis Chalmers 
interests. 


Мк. W. A. Lynn has resigned his 
position as electrical engineer and pur- 
chasing agent to the San Jose and Santa 
Clara County Railroad Company to 
accept the appointment of expert elec- 
trical aide in the department of con- 
struction and repair, navy yard, Mare 
Island, Cal. 


Мк. Henry С. Howanp formerly fore- 
man at the Necaxa power house of the 
Mexican Light & Power Company, has 
resigned his position to take up special 
studies at the University of California 
early next year. Temporarily he is with 
the California Gas & Electric Corpora- 
tion at Oakland, Cal. 


Mr. Н. P. James, until lately elec- 
trical engineer of the Brvant Electric 
Company, Bridgeport, Conn., is now 
with the Cutler-Hammer Manufacturing 
Company, of Milwaukee, Wis., as sales 
manager of the new line of push button 
specialties which they have recently 
placed on the market. 


Mr. C. А. Berry, who for the past 
nine years has been connected with the 
telephone engineering and switchboard 
installation departments of the Western 
Electric Company, New York, has been 
appointed superintendent of switch- 
board installation for the same com- 
pany, at Hawthorne, Ill. 
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> Mr. Currton В. Haves, for the past 
six years electrical engineer and super- 
intendent of power and machinery, Lud- 
low Manufacturing Associates, Ludlow, 
Mass., has assumed the duties of super- 
intendent of the electrical department 
of the Fitchburg Gas & Electric Light 
Company, Fitchburg, Mass. 


Mr. RonBERT N. Davipson has re- 
turned from Bellevue, Idaho, where he 
had charge of a hydroelectric plant in- 
stalled by Chas. C. Moore & Company, 
engineers for the Idaho Consolidated 
Mines Company, and is at present erect- 
ing engineer for various engineering 
contractors in Salt Lake City. 


Mn. Henry N. No tp has severed his 
connection as electrical engineer with 
the Berlin Machine Works of Beloit, 
Wis., and Hamilton, Ont., and has 
opened an office in the Provident and 
Loan Building, Hamilton, Ont., where 
he will do a general consulting business 
in electrical and mechanical engineering. 


Mr. PARKER H. KEMBLE has resigned 
the presidency and.general managership 
of the Northern Connecticut Light and 
Power Company of Windsor Locks, 
Conn., to take charge of the commercial 
development of some new processes for 
Burdette Loomis, of Hartford, Conn., 
the inventor of the Loomis-Pettibone 
Gas Producer. 


Ме. В. E. Улм Atta has withdrawn 
from the engineering department of the 
Kansas City Southern Railway Com- 
pany, at Kansas City, and become asso- 
ciated with Mr. G. D. Sturtevant, west- 
ern representative for the Arctic Ice 
Machine Company of Canton, Ohio, 
with headquarters at 708 Victor Build- 
ing, Kansas City, Mo. 


Mr. А. N. Copg, of Columbus, Ohio, 
where he was in charge of the electrical 
department of the Columbus Public 
Service Company, has been elected gen- 
eral superjntendent of the Springfield 
Light, Heat & Power Company, Spring- 


PERSONAL 21 


field, Ohio. Mr. Cope will have entire 
charge and management of the com- 
pany's properties at Springfield. 


Мв. B. A. BEHREND, for almost ten 
years chief engineer of the Bullock Elec- 
tric Mfg. Co., and for five years chief 
engineer of the electrical department of 
Allis Chalmers Company, the designer 
of the electrical machinery known as 
the ‘* Bullock " and ‘ Allis Chalmers '' 
apparatus, has severed his connection 
with the Allis Chalmers interests. 


Mr. PHILANDER Betts, who for some 
years has been the advisory engineer 
for the contract department of the Poto- 
mac Electric Power Company, has re- 
signed his position and has opened offices 
in the Metropolitan Bank Building, 
Washington, D. C., for the general prac- 
tice of consulting engineering. Mr. Betts 
is the chairman of the Washington Sec- 
tion. 

Mr. Н. M. Gassman, for the past 
eight years associated with the Crocker- 
Wheeler Company, has accepted a po- 
sition as electrical engineer for the 
Tennessee Coal, Iron & Railroad Com- 
pany, Birmingham, Ala., and has al- 
ready assumed his new duties. He will 
have charge of all the electrical devel- 
opments of the properties of the com- 


pany. 


Messrs. GERARD B. WERNER and 
Ковевт JosEPH1 have organized an en- 
gineering and contracting business, 
under the firm name of The Engineering 
Service Company, with offices at 90 
West Street, New York. They will en- 
gage in a general electrical engineering 
and contracting business, in the equip- 
ment of industrial power and other 
plants. 


Mr. C. W. Jones, for the past two 
years assistant engineer in charge of 
field construction for the N. Y., N. H. 
& Н. R.R., Company in the electrifica- 
tion of the New York division, has, upon 
completion of the construction work, 
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removed his office to Providence, R. I., 
where he will take up the field work on 
the extension of the Providence, Warren 
and Bristol trolley line. 


Mr. Monroe С. Haicnr, formerly as- 
sistant to electrical engineer of the 
Westchester Lighting Company at Mt. 
Vernon, N. Y., has recently assumed the 
position of electrical engineer with the 
Boston & Idaho Gold Dredging Com- 
pany, who are operating in Idaho, build- 
ing a dam and generating station on the 
Payette River to supply electrical power 
along its transmission line. 


Mn. Horatio A. Foster, for the past 
year and a half in charge of the Balti- 
more office of L. B. Stillwell as resident 
engineer, has resigned and become con- 
nected with the valuation department 
of the Public Service Commission, First 
District, New York. This department 
is under the direction of Mr. Bion J. 
Arnold, of Chicago, and is evaluating 
the surface car lines of Manhattan and 
the Bronx. 


November Meeting of the 
A. S. M. E. 


The November meeting of The Атег- 
ican Society of Mechanical Engineers 
will be held in the Engineers' Building, 
33 West Thirty-ninth street, on Tues- 
day evening, November 10. Mr. Frank- 
lin Phillips, president of the Hewes & 
Phillips Iron Works, Newark, N. J., will 
make an address, illustrated bv lantern 
slides, оп“ The High Powered Rifle and 
its Àmmunition— Instruments of Pre- 
cision.” 


December Meeting A. S. M. E. 


In view of the remarkable attain- 
ments in the development of flying ma- 
chines and airships during the past few 
months, the American Society of Me- 
chanical Engineers have arranged for an 
exhaustive paper on aeronautics by 
Major George O. Squier, of the Signal 
Corps, U.S.A., Washington, D. C., to be 
read at the annual meeting in New 
York, December 1-4. This will be the 
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first comprehensive treatment of the 
subject by an American engineering 
society and discussion of unusual in- 
terest will be contributed both by engi- 
neers and scientists. 

An evening lecture upon aeronautics 
will also be given by Lieut. Frank P. 
Lahm of the Signal Corps, illustrated 
with lantern views and moving pictures 
of the recent trials at Fort Myer. 


Obituary 


ALBERT MORRISON BULLARD, of the 
Western Electric Company, New York, 
died on September 19, 1908, at Liberty, 
New York. Mr. Bullard, son of Gardner 
W. and Fanny K. (Field) Bullard, was 
born January 6, 1868, at Boston, Mass., 
and was the youngest brother of the 
composer, Frederic Field Bullard, who 
died in June 1904. He was elected an 
Associate of the Institute on March 27, 
1903. His preliminary education was 
received in Boston grammar and high 
schools, and in 1885 he entered the 
Massachusetts Institute of Technology. 
Leaving that institution in 1888 he en- 
tered the employ of the Thomson-Hous- 
ton Company, Lynn, Mass. From 1891 
to 1903 he was engaged in special work 
on electrical welding, mechanical de- 
vices of telephony, and automatic tele- 
phones, for various companies. In 1903 
he entered the employ of the Western 
Electric Company, New York, and until 
the time of his death was directly in 
charge of the installation of automatic 
plants at Queens and other points, and 
other larger problems of similar nature. 
In 1904 he married Marion Rorty, sister 
of Malcolm Rorty, of the Pittsburg 
Telephone Company. Mr. Bullard was 
artistic in temperament, refined in his 
tastes, a congenial co-worker, firm in 
friendships, kindly and considerate 
toward all. In addition to his natural 
mechanical talents he was a lover of 


` music, and was a performer of ability. 


Both parents and a sister survive him. 


Ок. FREDERIC А. С. PERRINE, а prom- 
inent Member of the Institute, died at 
his home in Plainfield, New Jersey. 
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Wednesday morning, October 21, 1908, 
of Bright’s disease, after an illness of 
several months. Dr. Perrine was born 
at Manalapan, New Jersey, August ?5, 
1862, and was the son of James A. and 
Rebecca (Combs) Perrine. He was grad- 
uated from Princeton College in 1883, 
with the degree of A.B. Later he re- 
ceived the degree of D.Sc. from the same 
institution. On September 16, 1890, he 
was elected an Associate of the Ameri- 
can Institute of Electrical Engineers, 
and on December 16, 1890, was trans- 
ferred to the grade of Member. He was 
a Manager, and a member of the Coun- 
cil of the Institute, from 1898 to 1900. 
On June 28, 1893, he married Margaret 
J. Roebling. After several years of prac- 
tical engineering, Dr. Perrine accepted 
the appointment of professor of elec- 
trical engineering at Leland Stanford, 
Jr.. University, California. From 1898 
to 1900 he was chief engineer of the 
Standard Electric Company, of Califor- 
nia. Resigning that positionin 1900, he 
became president of the Stanley Electric 
Manufacturing Company, Pittsfield, 
Mass. In the latter part of 1904 he en- 
tered the consulting engineering field, 
with offices at 49 Wall Street, New York. 
Later he removed to 60 Wall Street, 
where he was established until the time 
of his death. Dr. Perrine was widely 
known to the engineering profession by 
his contributions on electrical engineer- 
ing topics, and through his activity in 
Institute affairs. His wife, two daugh- 
ters, Margaret and Anne Perrine, and 
one son, John, survive him. 


Library Accessions 
SEPTEMBER 1 TO 31, 1908 
The following donations have been 


made to the library since the last ac- 
knowledgement: 


American Institute of Electrical Engi- 
neers: 
Transactions, Vol. 26, 9x5} in. 
New York, 1908. 


Electric Journal: ; 
Railway Signalling. Written by a 
staff of Expert Signal Engineers. 108 


“р. 9х6} т. Pittsburgh, Electric 
Journal, 1908. Price 75 cents. 


McGraw Publishing Company: 

BerG, E. J. Electrical Energy. 184 
р. 9х6} in. New York, McGraw 
Publishing Company, 1908. Price 
$2.50 net. 

DEINHARDT, K., and SCHLOMANN, 
A., Editors. Technical Illustrated 
Dictionary in Six Languages— Eng- 
lish, German, French, Russian, Ital- 
ian and Spanish. Vol. 2. Electrical 
Engineering. Compiled by Chas. Kinz- 
brunner. 2112 p. 7х4} in. New York 
McGraw Publishing Company, 1908. 
Price $7.00 net. 

Scott, RALPH. Анютайс Block 
Signals and Signal Circuits. 243 p. 
9х6} in. New York, McGraw Pub- 
lishing Company. Price $2.50 net. 

Standard Handbook for Electrical 
Engineers, Edition 2. 62x41 in. 
New York, McGraw Publishing Com- 
pany, 1908. Price $4.00 net. 


G. Marconi: 


Marconi, С. Lectures on Wireless 
Telegraphy delivered before the Royal 
Institution of Great Britain, March 
13, 1908. 24 p. 8 vo. 


C. L. de Muralt: 


Electric Trunk Line Age, Nos. 1-10 
1908. 10х74 in. New York, 1908. 


Prof. C. P. Steinmetz: 


STEINMETZ, C. P. The Future of 
Electricity. Lecture delivered to the 
Students of the New York Electrical 
Trade School. 21 p. 8х5 т. n.d. 


TRADE CATALOGUES 


THE Corris WIRELESS TELEPHONE 
Company, 54 Clinton St., Newark, N. J. 

CROCKER WHEELER Company, Am- 
pere, N. J. Polyphase Induction Motors 
(Bulletin No. 105), June 1908. 

THE EMERSON ELEcTRIC Мес. Сом- 
PANY, New York City. Single Phase 
Induction Motors (Bulletin Nos. 3128, 
3129, 3130, 3131). 

Family Sewing Machine Motors (Bul- 
letin No. 3906). 
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Officers and Board of 
Directors, 1908-1909 
PRESIDENT 
LOUIS A. FERGUSON, Chicago, Ш. 


JUNIOR PAST-PRESIDENTS. 
SAMUEL SHELDON, Brooklyn, N. Y. 


HENRY GORDON STOTT, New York, М. Y. 


VICE-PRESIDENTS 
JAMES G. WHITE, New York, N. Y. 
JOHN J. CARTY, New York, N. Y, 
W. C. L. EGLIN, Philadelphia, Pa. 


CUMMINGS C. CHESNEY, Pittsfield, Mass. 
BANCROFT GHERARDI, New York. N. Y. 


CALVERT TOWNLEY, New Haven, Conn. 


MANAGERS 


A. M. SCHOEN, Atlanta, Ga. 

PAUL M. LINCOLN, Pittsburgh, Pa. 
PAUL SPENCER, Philadelphia, Pa. 
WILLIAM S. MURRAY, New Haven, Conn. 


MORGAN BROOKS. Urbana, Ill. 
HAROLD W. BUCK, New York, N. Y. 
РЕКСУ Н. THOMAS, Montclair, М. J. 
BENJAMIN G. LAMME, Pittsburgh. Pa. 


DAVID B. RUSHMORE, Schenectady. М. У. 


W. С. CARLTON, New York М.Ү. 
CHARLES W. STONE, Schenectady, N. Y. 
H. E. CLIFFORD, Boston, Mass. 


TREASURER 


GEORGE A. HAMILTON, New York, М. У. 
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December Meeting А.І. Е. E. 


HE two hundred and thirty-second 
meeting of the American Institute 

of Electrical Engineers will be held in 
the auditorium of the Engineers' Build- 
ing, 33 West Thirty-ninth Street, New 
York, on Friday, December 11, 1908. 
at eight o'clock p.m. А paper entitled, 
“The Log of the New Haven Electri- 
fication,” will be presented by Mr. W. 
S.. Murray, electrical engineer of the 
New York, New Haven and Hartford 
Railroad Company. The paper is print- 
ed in this issue of the PROCEEDINGS, 
pages 1609-1660. It contains much in- 
teresting and valuable data relating to 


the experience gained between April 1, 
1905, and November 1, 1908, in equip- 
ping and operating the New York, New 
Haven and Hartford Railroad bet ween 
New York and Stamford, Conn., with 
11,000-volt, 25-cycle, single-phase alter- 
nating current. In advocating the use 
of high-voltage, low-cvcle, single-phase 
alternating current for trunk line trac- 
tion, Mr. Murray says: 

The object of this paper is to bring the actual 
operation of the New Haven single-phase elec- 


trification as closely as possible to those who are 
truly interested in its merits and faults. 


* * * * * * * $ 


To those who may be interested in my conclu- 
sion in regard to the New Haven Railroad elcc- 


trification, I can simply say that if I were in: 


favor of its use three years ago, that now, stand- 
ing on the more stable ground of ехрепепсе 
particularly in regard to the department of 
faults, I am doubly in favor of it to-day. I 
shall, of course, be interested in those who share 
this opinion after reading this paper, ® ® * 
and * * * ] shall be equally interested in 
those who honestlv disagree with this opinion. 


* * * Ф Ф * * * 


The New Haven system provides that the volt 
manufactured in and leaving the doors of the 
power house, is the same physical volt that knocks 
at the doors of the locomotives. Thus the line 
is the single link that unites the power house 
and the locomotives. All such adjuncts as step- 
down transformers, synchronous converters, 
storage-batteries, and low.voltage distributing 
systems with their necessary attendant comple- 
ment of help is dispensed with. The Cos Cob 
power house has the usual number of men for a 
station of its output, and the locomotives are 
operated by the electric locomotive engincer 
with the customary assistant present for emer- 
gency. This crew holds good for single- or couble- 
unit trains. Ап emergency repair train is the 
guardian of the line, attending to all matters 
pertaining to its repair and maintenance. In- 
cluding the night and day crews of the emer- 
gency train, the number of men employed to 
maintain the distribution system is nineteen. 
This covers about 100 miles of single track, in- 
cluding yards. 

* * * * * * * * 


The paper has been written with the intent 
to lay before the members of the American [n- 
stitute of Electrical Engineers a practical picture 
of the New Haven single-phase electrification 
describing the first suit of clothes it wore and 
what it is wearing now. Не [the author) is con- 
scious of the innumerable little points of real 
interest. that time and opportunity have not 
permitted him to insert here, but he trusts to 
the discussion to bring them out. 


$, 
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Minutes of November Meeting 
of the Institute 


The two hundred and thirty-first reg- 
ular meeting of the American Institute 
of Electrical Engineers was held in the 
auditorium of the Engineers’ Building, 
33 West Thirty-ninth street, New York, 
Friday, November 13, 1908. President 
Ferguson called the meeting to order 
at 8:15 p.m. 

The secretary announced that at the 
meeting of the Board of Directors held 
during the afternoon there were 59 
Associates elected, as follows: 


ABBOTT, WALTER HAZELTON, Roberts 
'& Abbott Co., Schofield Bldg., res.; 
11123 Euclid Ave., Cleveland, Ohio. 

ACHESON, ALBERT ROBERT, Asst. Prof. 
of Mechanical Engineering, Syracuse 
University, Syracuse, N. Y. 

Barrow, CHARLES J., Electrical Engi- 
neer, General Electric Co.; res., 206 
South Ave., Schenectady, N. Y. 

Bass, ЈозЕРН E., Chief Operator, Elec- 
tric Power Dept., Los Angeles Ry. Co. 
Los Angeles, Cal. 


Вескуйтн, J. W., 
Northern Electric Company, 
port, Washington. 

BELL, EpwiN ARCHELAUS, Electrician, 
Stroudsburg, Pa. 

BoLLscHWEILER, CHARLES FREDERICK, 
Dist. Supt. of Construction, Pacific 
Tel. & Tel. Company, 1320 South 
Hope St., Los Angeles, Cal. 


Superintendent, 
New- 


Bowker, WILLIAM Кознтом, Professor 
of Physics and Elec. Engr., Univ. of 
Southern California, Los Angeles, Cal. 


CALANGIS, ARTHUR A., Night Inside- 
man, N. Y. & N. J. Telephone Co.; 
res., 158 E. 92d St., New York City. 

CANNON, FRED КЕмрв:с, Salesman, 
Stromberg. Carlson Tel. Mfg. Co; 
res., 7340 Stewart Ave., Chicago, Ill. 

CARTER, CHARLES HARDESON, Vice- 
President, Pacific Electrical Works, 
330 South Los Angeles St., Los An- 
geles, Cal. 

CisNEROS, ANIBAL, Commissioner, Bu- 
reau of Public Utilities of Argentine 
Republic, S. A. 


[Dec. 


CorrLBoHM, Max. H., Electrical Engi- 
neer, with Prof. Daniel W. Mead; res., 
613 N. Francis St., Madison, Wis. 

Соок, Ерсав WILLIAM, Electrician, 
Pacific Electric Railway Company, 
Los Angeles, Cal. 

CUMMING, Forp J., Superintendent, 
City of Edmonton Telephone Dept.; 
res., Edmonton, Alberta, Can. 

Dyer, Isaac TILLMAN, Supt. Telegraph 
& Telephones, S. P. L A. & S. L. R.R. 
559 P. E. Bldg., Los Angeles, Cal. 

Eastwoop, Harry WILDER, Sales Rep- 
resentative, The Electric Controller 
& Mfg. Co., Cleveland, O. 

EDWARDS, JosgPu PauLpinG, Electrical 
and Mechanical Engineer, Northern 
Electric Railway Co., Chico, Cal. 

Eorr, BEVERLY McCrae, Asst. Editor, 
G. E. Review, General Electric Co., 
Schenectady, N. Y. 

FARMER, FRANK Harvey, Construction 
Engineer, Canadian Westinghouse 
Co., Hamilton, Ont. 

Ев!с, PauL Roy, Student; res., 
Manhattan Ave., New York. 
FINKLE, FREDERICK CEcIL, Consulting 
Engineer, Edison Electric Co., 230 
J. W. Hellman Bldg., Los Angeles, Cal. 

FISHER, ALLEN Harry, Generating Sta- 
tion Operator, The Guanajuata Power 
& Electric Company, Zamora, Mich., 
Mex. 

Frank, Dr. Kari Georc, Electrical 
Engineer, Siemens & Halske A. G. 
Berlin, Ger.; Room 1559, Hudson Ter- 
minal Bldg., New York City. 

ботрваск, M. Gustavus, Secretary & 
Treasurer, Atlantic Electric Co., Inc., 
res., 85 Commerce St., Norfolk, Va. 

HERBERT, GEORGE SIDNEY, Engineer, 
Celaya Lighting & Power Co., Postal 
de Guadalupe, Celava, Mexico. 

Hopson, Henry ELMER, Manager, Ap- 
paratus Dept., Hobson Electric Co., 
Dallas, Tex. 

Hype, Ермлво PECHIN, Associate Рћу- 
sicist in charge of Photometry, Bu- 
reau of Standards, Washington, D. С. 

Jackson, -]онх GRant, Engineering 
Dept., N. Y. Edison Co., 55 Duane 
St., N. Y. City; res., Bensonhurst, 
L. I. 
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Jupson, CLarence B., Repairman of 
Electrical Apparatus, L. A. Gas & 
Elec. Co., res., 4957 Pasadena Ave., 
Los Angeles, Cal. 

Kerns, RALPH W., Switchboard Oper- 
ator, Missoun River Power Co.; res., 
604 Maple, Anaconda, Mont. 

Kimura, KoMAKICHI, Chief Engineer, 
Osaka Electric Lighting Company, 
Osaka, Japan. 

Lee, Накогр H., General Foreman, 
Los Angeles Pacific Co., Sherman, 
California. 

LowELL, HERBERT GRANVILLE, Man- 
ager & Supt., Templeton Municipal 
Light Dept., East Templeton, Mass. 

MACKENZIE, HOWARD ARCHIBALD, 
Dredging Supt., Jhelum Power In- 
stallation, Baramulla, Kashmir,India. 

MacKNESS, CyrRIL Francis, Technical 
& Com. Engineer, The A. E. G. of 
Berlin; res, 605 Caxton House, 
Westminster, London, S. W., Eng. 

MANAHAN, FRANK Ттмотну, Chief Elec- 
trician, Choctaw Ry. and Ltg. Co; 
res., McAlester, Okla. 

Many, RarprH Byincton, Chief Engi- 
neer, Nogales Electric Light, Water 
and Ice Co., Nogales, Ariz. 

MEINIG, RUpoLPH ERNEST AUGUST, 
Draftsman, N. Y. Edison Co., 55 
Duane St.; res., 314 E. 51% St., New 
York City. 

MiLLAR, Tuomas RUSSELL, Operator, 
Buffalo, Lockport & Rochester Ry.; 
res., 225 Main St.. Brockport, №. Y. 


Perry, J. Frank, Engineer & Sales 
Manager, Allis-Chalmers Co., 623 
Citizens National Bank Bldg., Los 
Angeles, Cal. 

PHINNEY, EDWARD ALLEN, Secretary, 
Treasurer & Manager, Ouray Electric 
Power and Light Co., Ouray, Colo. 

PLOWDEN, JAMES OLIVER, Electrician, 
Pacific Electric Ry. Co., 285 P. E. 
Bldg., Los Angeles, Cal. 


RicHMOND, CARL Арам5, Patent Law- 


yer, Sheridan & Wilkinson, Mar- 
quette Bldg., Chicago, Ш. 
Ritey, Georce ALBERT, Inspector, 


L. A. Gas & Electric Co.; res., 1213 
W. 5th St., Los Angeles, Cal. 
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` RoAKE, CHESTER H., Chief Draftsman, 


Northern Electric Ry. Со., E. & M. E. 
Dept., res.; 926 Sixth St., Chico, Cal. 

RUNGE, WALTER, Public Service Rail- 
way Со.; res., 130 Union St., Newark, 
Ns T. 

SEYMOUR, JOSEPH FRANKLIN, JR., Pa- 
cific Tel. & Tel. Со.; res., 3661 South 
Grand Ave., Los Angeles, Cal. 

SPRAGUE, STARBUCK, General Manager, 
National Electric Equipment Co., 11 


High St., Boston; res., Winthrop, 
Mass. 
TAYLOR, ALVIN ALFRED WHEATLEY, 


Managing Partner, T. T. Electric Fit- 
ting & Supply Co., North Sydney, 
N.S. W. 

Tessier, EUGENE Lovis, Factory In- 
spector, Virginia Carolina Chemical 
Co., Richmond, Va. 

Твимво, Ernest G., Chief Engineer, 
Las Vegas Railway and Power Co., 
East Las Vegas, New Mexico. 


Vance, СнАмР S., Мрт. of Operation, 
Los Angeles Gas & Electric Co.; res., 
645 South Hill St., Los Angeles, Cal. 

VAN ПЕУЕХТЕК, Harry RANDOLPH, 
The Sumter Tel. Mfg. Co., Sumter, 
5. С. 


Warp, Henry James, Tester, Western 
Electric Со. Hawthorne; res., 1980 
Washington Blvd., Chicago, Ill. 

WEBER, THEODORE J., Engineer, Child, 
Hulswit & Co.; res., 107 Auburn Ave., 
Grand Rapids. Mich. 


WipMER, Henry, Engineer & Contrac- 
tor, 1018 Hibernia Bldg., New Or- 
leans, La. 


WITHERELL, ALONZO Т., Superintendent 
of Manufacturing, М. У. and Queens 
Electric Light and Power Со.; 
res., Astoria, L. I. 


YEAGER, LLovp BRAZELTON, General 
Foreman of Lines, Los Angeles Ry. 
Co.; res., 322 W. 47th St., Los An- 
geles, Cal. 


The secretary announced further that 
the revised By-Laws approved by the 
Board of Directors during the afternoon 
would go into effect and be printed and 
distributed at once. 


Mr. W. S. Hadawav, Jr., of Pitts- ` 


burg, Pa., then presented a paper en- 
titled, ' Electric Heating.” The paper 
was discussed hv Messrs. С. Е. Waddell, 
W. N. Ryerson, W. 5. Andrews, J. I. 
Ayer, P. M. Lincoln, H. P. Ball, M. 
Loewenthal, C. P. Steinmetz, and W. S. 
Hadawav. 


Applications for Election 


Applications have been received by 
the secretary from the following candi- 
dates for election to the Institute as 
Associates; these applications will be 
considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting 
to the election of any of these candi- 
dates should so inform the secretary 
before December 20, 1908. 


7970 Slutz, Charles S., Los Angeles, Cal. 
7971 КоНее, Barton E., Chicago, Ill. 
7972 Miller, Morton, O., Utica, N. Y. 
7973 Hinckley, W. G., Hartford, Conn. 
7074 McKenzie, F. W., Massillon, Ohio. 
7975 Brown, Charles, E., Chicago, Ill. 
7976 Wischmeyer, H.W., Louisville, Ky. 
7977 Whitson, Vilie D., Seymour, Ind. 
7978 King, John R., Seattle, Wash. 
7979 Gregson, E. J., Schenectady, N. Y. 
1980 Matus, Miguel А., Jalapa, Mex. 
7951 Short, Andrew J., Rome, №. Y. 
1982 Vinson, А. W., San Francisco, Cal. 
7983 La Rue, James M., Summit, №. J. 
7984 Slocum, T. N., Aberdeen, Wash. 
7385 Berger, George R., Newark, №. J. 
7986 Mastick, К. W., Jr., Berkeley, Cal. 
7987 Seibel, Charles W., Oak Park, Ш. 
7988 Woodard, A. V., Stanford Uni- 
егиу, Cal. 

7989 Rowat, F. T., Des Moines, Iowa. 
7990 Harrison, Charles E., Atlanta, Ga. 
7001 Richards, L.C., New Rochelle, N.Y 
7992 Waters, Granville A., St. Louis, Мо. 
7993 Higson, C. В., Madison, Wis. 
7994 Haskell, Е. E., West Lynn, Mass. 
7905 Ellis, John W., Schenectady, №. Y. 
7996 Moore, Leon J., Los Angeles, Cal. 
1997 Hoefer, Elmer G., Laramie, Wyo. 
7995 Bovles, К. G., Los Angeles, Cal. 
1999 Chamberlin, Egbert C., N. Y. City. 
8000 Sinclair, H. H., Los Angeles, Cal. 
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8001 
8002 
8003 


8004 
8005 


8006 
$007 
$008 


$009 
8010 
5011 
8012 
8013 
8014 
8015 
8016 
8017 
8018 
8019 
8020 
8021 
8022 
8023 
8024 
8025 
8026 
8027 


8028 
5029 
8030 
8031 
8032 
8033 
80234 
8035 
80236 
8037 
$038 
$039 
8040 
8041 
5042 
5043 
8044 
S045 


8040 
8047 
8048 


[Dec. 


Pease, Maurice H., El Paso, Texas. 
Keel, C. H., Schenectady, N. Y. 
Gochicoa, E. O., Temascaltepec, 
Mexico. 
Schiller, Walter R., Utica, N. Y. 
Lembeck, A. W., Salt Lake City, 
Utah. 
Blackwell, H. C., Davenport, Iowa 
Hutchings, O. H., Dayton, O. 
Sturrock, А. G., Aguascalientes, 
Mexico. 
Davis, E. H., Williamsport, Pa. 
Field, F. W., Iowa City, Ia. 
Fagberg, C. J., Los Angeles, Cal. 
Plum, Verne, lowa City, Ia. 
Twiggs, J. D., Jr., Augusta, Ga. 
Camp, Eugene V., Urbana, Ill. 
Fay, Frank H., New York City. 
Weller, F. M., Schenectadv, N. Y. 
McLain, R. H., Schenectady, N. Y 
Volz, Philip, Newark, №. ]. 
Harrison, A. W., Los Angeles, Cal. 
Fottler, Jacob A., Kingston, R. I. 
Lewis, Augustus P., Chicago, Ill. 
Reed, Franklin H., Chicago, Ill. 
Ellis, Isaac K., Burlington, Vt. 
Ludlow, George R., N. Y. City. 
Lunt, R. L., Philadelphia, Pa. 
Randolph, R. J., Jr., Ampere, N. J. 
McWhorter, W. A., Birmingham, 
Ala. 
Wright, E. A., West Allis, Wis. 
Creedy, Fred, Wilkinsburg, Pa. 
Piper, Charles M., New York City. 
Woodring, Fred K., Titusville, Pa. 
Thorp, I. Jay, Brooklyn, N. Y. 
Hickman, Charles 1., Chicago, Ш. 
Jones, T. N., Jr., Richmond, Va. 
Hideichie, Oana, Tokio, Japan. 
Simpson, T. W., Lowell, Mass. 
Dapprich, Carl E. L., Chicago, Ш. 
Hausell, C. E., Lafayette, Ind. 
Russell, R. E., Schenectady, N. Y. 
Albrecht, F. C., Wilkinsburg, Pa. 
Brooks, H. B., Washington, D. C. 
Christy, J. B., New Haven, Conn. 
Hutchinson, H. D., Chicago, Ш. 
Mulligan, Barry, Wilkinsburg, Pa. 
Rose, Wm. H., Washington Bar- 
racks, D. C. 
Spencer, F. A., Worcester, Mass. 
Van Winckle, О. B., Toronto, Can. 
Walton, J. A., Baltimore, Md. 


— — 
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8049 
5050 
8051 
8052 
8053 
8054 
8055 
8056 
8057 
8058 
8059 
8060 
$061 
8062 
$053 
S061 
8065 
5066 
5067 
8068 
8069 
8070 
8071 
5072 
8078 
8074 
8075 
$076 
8077 
8078 
8079 
8080 
8081 
8082 
5083 
5084 
8085 
8086 
8087 
8088 
8089 
8090 
8091 
8092 
8093 
8094 
8095 
8096 
8097 
8098 
8099 
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Young, John, Welland, Can. 


Silberberg, Leon, Baltimore, Md. 
Porter, E. H., Philadelphia, Pa. 
Carter, R. A., New Rochelle, №. Y. 
Hanson, Frank H., Madison, Wis. 
Hangan, Charles M., Chicago, Ill. 
Cunningham, J.A., Bay City, Mich. 
Heinemann, G., Philadelphia, Pa. 
Arnold, M. E., Philadelphia, Pa. 
Pollard, W. S., Philadelphia, Pa. 


Manwaring, А. Н., Phila., Pa. 


Couch, Herbert B., Lincoln, Neb. 
Wreaks, Hugh T., St. George, S.I. 
Woodbury, F.P., New York City. 


Roszel, R. J., Philadelphia, Pa. 
Carr, Charles C., Chicago, Ill. 


Carpenter, L. M., Girardville, Pa. 


Burch, E. C., Wilkinsburg, Ра. 


Hatch, B. E., Willimantic, Conn. 


Martin, К. G., New York City. 


Allger, Everette E., Bellwood, Pa. 
Sutherland, J. A., Saratoga, №. Y. 


Griest, T. H., Philadelphia, Pa. 


Broomall, A.L., Portchester, М.Ү. 
Bartlett, P. H., Philadelphia, Pa. 


Engler, John, Brooklyn, N. Y. 
Blume, L. F., Ithaca, N. Y. 
Sprout, S., San Francisco, Cal. 
Peterson, Geo. F., Miller, Ind. 
Walz, Geo. J., Steelton, Pa. 
Beuttell, A. W., N. Y. City. 
Crisson, George, Hoboken, N. J. 
Elkas, Isaac, St. Louis, Mo. 


Hazeltine, L. A., Hoboken, N. J. 


Forster, Wm. D., Phila., Pa. 
Getts, Е. E., Chicago, Ill. 
Gleim, T. R., Landsdowne, Pa. 
Ives, Robert S., Highwood, Ia. 
Kilpatrick, J. L., Phila., Pa. 


Mouradian, H., Philadelphia, Pa. 
Nattian, E. J., Philadelphia, Pa. 


Palmer, G. H., Telluride, Colo. 
Parker, Geo. A., Cleveland, O. 
Popp, L. W., Madison, Wis. 


Ramsey, G. W., Washington, D.C. 


Hovde, L. E., Hatfield, Wis. 
Collis, A. G., Manchester, Eng. 


Schlombs, W., Mexico City, Mex. 


Skacelik, Joseph, Toronto, Ont. 


Throop, F. W., Power Glen, Ont. 


Craig, Ira L., Waterloo, 1а. 


Total, 130. 


Applications for Transfer 


Recommended for transfer by the 
Board of Examiners, November 13, 
1908. Any objection to these transfers 
should be filed at once with the secre- 
tary. 

REMIGIO JIMINEZ, 

WALTER REICHEL, 

SAMUEL LINDZEY NICHOLSON, 
WILLARD GILBERT CARLTON, 
SEVERN D. SPRONG, 

GEORGE W. PATTERSON, 


Sections and Branches 


UNIVERSITY OF ARKANSAS BRANCH 

At the meeting of the University of 
Arkansas Branch held on October 14, 
1908, the following officers were elected: 
С. В. Rhodes, chairman, F. $. White, 
secretary and treasurer. Ап executive 
committee was also elected, and plans 
for conducting the Branch were dis- 
cussed. Sixteen members attended the 
meeting. 

The November meeting was held on 
the llth instant, in the engineering 
hall. Mr. С. В. Rhodes presided. Mr. 
P. G. McKinley was elected a member 
of the executive committee. Professor 
W. М. Gladson read а paper on 
“ Development of Water Power." 
He was followed by Professor Ripley 
who made a few remarks on water- 
power plants, outlining the possibilities 
and citing some excellent examples. 


ARMOUR INSTITUTE OF TECHNOLOGY 
BRANCH 

The second meeting of this Branch 
was held in Chapin Hall, October 15, 
1908. The evening was devoted to 
electrons, and a paper on the subject 
was presented by Professor С. Е. 
Marsh. The first part of the paper 
related to the consideration of the 
fundamental features of electromag- 
netic theory. The properties of a 
charge moving with a constant velocity 
and with an accelerated velocity re- 
ceived considerable attention. The re- 
lations of a nioving charge, current, 
magnetism and radiation were consid- 
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ered in accordance with this theory. 
Attention was also called to the question 
of electric inertia, and mention was made 
of the possible outcome of modern 
electric hvpotheses in providing a more 
satisfactory explanation for the ma- 
terial mass of a body. The relation 
between self-induction and the other 
quantities involved in the phenomena 
of a moving charge were clearly brought 
out. After providing a good ground 
work which was in agreement with 
known facts and accepted theories, 
the speaker then took up the subject 
of electrons proper. In this connection 
the works of Kelvin, J. J. Thomson, 
Lenard, Reghi and others were spoken 
of. The determination of the velocities, 
electric masses, charges and dimen- 
sions of both positive and negative 
electrons were given. The epoch making 
investigations of J. J. Thomson in the 
determination of the mass in charge 
of an individual negative electron was 
dwelt upon owing to the beauty of the 
experimental methods employed. The 
ionization of gases through the agency 
of electrons was brietly described. The 
paper aimed at conveying an easily 
comprehended exposition of the more 
elementary characteristics of the elec- 
tron. The reading was followed by 
a spirited discussion on a wide range of 
subjects suggested by the paper. 

The third meeting of the Branch was 
held on November 5, 1908, with 
Chairman Simpson presiding. After 
the regular business had been trans- 
acted, the subject of examination 
questions as proposed by the educa- 
tional committee of the Institute was 
taken up and discussed, and acted upon 
favorably. It was proposed, in order 
to obtain wider information on standard 
practice in electrical engineering in its 
various phases, that the Branch be 
divided into six committees of five 
members each, whose duties for the 
ensuing vear will be to obtain data and 
information along special lines in elec- 
trical engineering; the chairmen of the 
respective committees to form an editing 
committee and publish at the end of 
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the school year such information as 
may have been obtained and distribute 
copies to the members of the Branch. 
The proposition was favorably con- 
sidered, and it was voted to put it into 
practice. The paper of the evening. 
on the subject of selection of railway 
motor equipments, was presented by 
Mr. G. I. Stadeker. After touching 
upon general considerations the speaker 
took up in detail the various influences 
and conditions which determine the 
final selection, such as gear ratios, 
grades, curves, distance between stops, 
speed, load, etc., discussing these points 
independently and also in their rela- 
tion to each other. Мг. Stadeker also 
described a svstem of plotting speed- 
time curves and an analysis of the svs- 
tem, which he stated so far as he was 
aware, was different from the method 
usually employed. An interesting dis- 
cussion followed the presentation of the 
paper. 


BALTIMORE SECTION 


The Baltimore Section held its regu- 
lar monthly meeting in the Westport 
power house of the Consolidated Gas, 
Electric Light and Power Company, on 
Friday, November 13, 1908, at 8 p.m. 
On this occasion the members of the 
Section were the guests of the C. б. E. L. 
& P. Со., and the total attendance at 
the meeting numbered 320. Mr. A. S. 
Loizeaux, electrical engineer of the 
Consolidated Gas, Electric Light and 
Power Company, presented a paper 
entitled, “ The Generation and Dis- 
tribution of Electricity for Light and 
Power in Baltimore City." The paper 
was illustrated by lantern slides. After 
the presentation of the paper the 
audience, in small parties, was con- 
ducted on a tour of inspection about 
the plant by the company's employes, 
after which a collation was served in 
one of the galleries. 


UNIVERSITY OF CINCINNATI BRANCH. 
This Branch had a meeting on No- 
vember 17, 1908, which was held at the 
university. Мг. C. В. Wylie presided. 
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After disposing of the regular routine 
business, a paper was read by Mr. Clar- 
ence Winder, оп“ Acyclic Generators ''. 
Considerable discussion followed the 
reading of the paper, after which the 


meeting was adjourned. 


BosroN SECTION 

The first regular monthly meeting 
of the Boston Section was held on 
Wednesday evening, October 21, 1908, 
at the auditorium of the Edison Build- 
ing, Professor А. E. Kennelly presiding. 
About 125 members and guests were 
present. Charles M. Allen, M. S., pro- 
fessor of experimental engineering at 
Worcester Polytechnic Institute, pre- 
sented an extremely interesting paper 
on " Field Testing of Water Wheels 
by Dynamometers ", which was il- 
lustrated by lantern slides. This was 
followed by a discussion, at the close of 
which Professor Allen was given a vote 
of thanks. 


University ОР COLORADO BRANCH 

This Branch held its regular meeting 
on October 22, 1908. Mr. Н. Н. 
Watters presided. The program for 
the evening was as follows: А paper 
on " Troubles on Telephone Lines”, 
by Mr. M. Н. Putnam. The first of a 
series of talks on practical winng, by 
Professor Н. Jenkins. A paper on 
" The Mercury-Arc Rectifier ", Бу Mr. 
H. H. Watters. 


Fort WAYNE SECTION 

A meeting of this Section was held 
on November 12, 190$, at the Home- 
stead Cafe, and was well attended. 
The meeting was preceded by the usual 
informal dinner, which was followed 
hy the executive session. Mr. J. J. 
Kline presented the paper of the 
evening, entitled ‘‘ Paralleling of Alter- 
nators." The discussion that followed 
Was so prolonged that it was necessary 
to adjourn the meeting without some 
of the members being heard, and a 
committee was appointed to reopen 
the discussion at the next regular 
meeting. At this meeting Mr. E. A. 


SECTIONS AND BRANCHES 7 


Barnes, superintendent of the Fort 
Wayne Electric Works, will present a 
paper on ‘ Choice of Power for Indus- 
trial Purposes.” 


ITHACA SECTION 

The first meeting of the Section for 
the college year was held on Friday, 
October 30, 1908. The program сот- 
prised an original paper by Mr. J. G. 
Pertsch, on the general subject of 
“ Alternating Current. Line Losses " 
Mr. Pertsch gave a summary of the 
investigations which have led up to 
Mr. Mershon's latest work, with especial 
reference to the researches conducted 
locally by Professor Rvan. 

Following Mr. Pertsch's paper was 
an abstract of Mr. Mershon's Atlantic 
City convention paper, prepared and 
delivered by Mr. W. К. Page. This 
was illustrated by lantern slides made 
for the occasion. The speaker brought 
out the essential features of the paper, 
and led up to a very interesting dis- 
cussion by the members present. After 
the discussion the entertainment com- 
mittee served refreshments. Ап in- 
formal smoker brought the exercises 
of the evening to a close. 

This meeting is the first held in 
accordance with the plan laid out by 
the local program committee for the 
coming year. The plan briefly is as 
follows: Alternate meetings will be 
devoted to discussions of the New York 
and other Institute papers, and ad- 
dresses by prominent local and out of 
town engineers. The responsibility for 
the programs for the meetings is di- 
vided between two sub-committees. 
One of these, under the direction of 
Professor F. Bedell, who is also chair- 
man of the entire program committee, 
invites and entertains speakers from 
outside. The other sub-committee, 
known as the discussion committee, 
under the direction of Mr. L. F. Blume, 
arranges for the abstracts and discus- 
sions. In order that this committee 
may be familiar with the practical 
experience of the local members, a 
canvass of the entire junior and senior 
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classes, comprising nearly six hundred 
men has been made. Each student 
has been asked to write down on a 
printed form every detail of his practical 
experience. Thus in preparing for a 
given discussion the committee goes 
over this record, picking out the names 
of men who have had experience along 
the line of the paper under discussion. 
This feature has already proved of 
the greatest value, and it was not very 
difficult to effect. The discussion com- 
mittee has also laid down а most im- 
portant principle; namely, that each 
meeting shall as far as possible be self- 
contained. The abstract of any par- 
ticular paper will always be preceded 
by what may be termed original founda- 
tion papers. This 1$ necessary to pre- 
pare the audience for the proper appre- 
ciation of the topic. 

At a business meeting held before 
the discussion a local tax of one dollar 
per member was decided upon. This 
is necessary to defray expenses not 
properly chargeable to the Institute. 
Mr. P. T. Vanderwaart was elected to 
represent the enrolled Students on the 
local executive committee. The enter- 
tainment committee for the year was 
appointed, with Mr. F. C. Loring as 
chairman. 

At the present time there are three 
Members and twelve Associates con- 
nected with the Ithaca Section. The 
secretary has signed the enrolment 
blanks of 138 Students, most of whom 
have already paid their enrolment 
fee. Altogether the work starts out 
with promise of success, with largely 
increased enrolment, and growing in- 
terest. 


KANSAS STATE AGRICULTURAL COLLEGE 

The October meeting of this Branch 
was held in the electrical engineering 
lecture room on the 15th instant. 
Thirty-two members and guests were 
present at the meeting, which was 
presided over by Mr. W. L. Enfield. 
Ten new names were presented for 
membership and were accepted. In 
order to acquaint prospective members 
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with the work of the Branch, the fol- 
lowing program was given: “~ What 15 
the A.L.E.E.?", by K. H. Logan. Re- 
view of Institute paper entitled “ Ad- 
vantages of Membership in the Local 
Branch of the A.LE.E.", by W. L. 
Enfield. Mr. Grover Kahl, a General 
Electric Company student apprentice, 
gave a short talk on the work о: the 
apprentice. 


UNIVERSITY OF Kansas BRANCH 


This Branch held a meeting on Oc- 
tober 22, 1908. No executive business 
was transacted. Messrs. Jones and 
Thiele presented discussions оп the 
subject of lightning protection. The 
discussions included a review of the 
papers by Messrs. J. F. Vaughn and 
№ J. Neall presented before the 
Institute on May 19, 1908, and also of 
the paper by E. E. F. Creighton, on 
“ Measurements of Lightning ", pre- 
sented at the Atlantic City convention. 

Another meeting was held on No- 
vember 5, 1908, presided over by Pro- 
fessor M. E. Rice; at which there was 
an attendance of 30. The following 
officers were elected for the ensuing 
year; Ray Jones, chairman, V. S. 
Foster, vice-chairman, George V. Emery 
member of the executive committee. 
Mr. A. J. Groesbeck opened a discus- 
sion on the convention paper of J. L. 
Woodbridge, “ Application of Storage 
Batteries to Regulation of Alternating- 
Current Systems." Мт. W. F. Thiele 
led a discussion оп Mr. Fraser's con- 
vention paper on “ Some Engineering 
Features of the Southern Power Сот- 
pany's System. 


Lenicn UNiversity BRANCH 

A meeting of the Lehigh University 
Branch was held in the physical labora- 
tory on October 20, 1908. On conclu- 
sion of the executive business, President 
Garrison made a few opening remarks, 
after which the following papers were 
presented: '" Telephone Practice," by H. 
С. Harvey, ‘ Esperanto," by В. P. 
Heller, ‘Dynamo Testing," by Mr. 
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Petty. The meeting was followed by 
a banquet. 

The second meeting took place No- 
vember 13. Mr. A. S. Garrison presided, 
and the total attendance numbered 74. 
It was proposed that the yearly program 
be dispensed with and monthly pro- 
grams be prepared. А motion to this 
effect was carried. Mr. Nichols, who is 
conducting some experiments with a 
flaming arc lamp at Philadelphia, gave 
an illustration of the experiments and 
a talk on the subject. Mr. F. T. 
Leilich presented a paper on the oscillo- 
graph, explaining his apparatus, and 
threw on the screen 28 slides showing 
wave-form of various e.m.f. currents 
used in the laboratory. The meeting 
was followed by a lunch. 


Los ANGELES SECTION 

The Los Angeles Section held its 
regular meeting on Tuesday, October 
20, 1908, at the University of Southern 
California. There was an attendance 
of 22 members and 45 visitors. А very 
interesting paper was presented by 
Professor W. R. Bowker, on '' Some 
Commercial, Economic and Practical 
Notes Appertaining to Street Railway 
Enterprises," which was discussed by 
Mr. V. L. Benedict. Мг. С. A. Copeland 
abstracted the Institute paper on “ High 
Potential Underground Transmission.” 
Messrs. E. R. Northmore and R. E. 
Cunningham took part in the discussion 
that followed. The Section took formal 
notice of the death of Dr. F. A. C. 
Perrine, and the secretary was in- 
structed to send a communication to 
Mrs. Perrine conveying the sympathy 
of the members of the Section. 


MINNESOTA SECTION 
By invitation, the Minnesota Section 
met with the Engineers' Society of the 
University of Minnesota, at the univer- 
sity, on October 28, 1908. Fifteen mem- 
bers of the Section were present at the 
meeting. Mr. Henry J. Gille, of the Min- 
neapolis General Electric Co., delivered 
an address on the subject of '' Business 

Qualifications of an Engineer." 
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UNIVERSITY ОР MissovRi BRANCH 

This Branch held a meeting on 
October 16, 1908, at Columbia, Mo. Pro- 
fessor H. B. Shaw presided, and 20 
members and visitors were in attend- 
ance. Professor А. E. Flowers pre- 
sented the Institute paper on “ High 
Tension Underground Transmission.” 
The speaker outlined methods of apply- 
ing insulation to cables to secure maxi- 
mum resistance to puncture, and gave 
exact data as to inductive losses, di- 
electric losses with cables, and eddy 
current losses in cable sheaths. He 
also spoke of the economical limits of 
voltage in underground cable trans- 
mission, referring to a recent publica- 
tion in Electrical Enzineering by J. B. 
Sparks. The particular case of surges 
in cables was considered in the general 
discussion, and this part of the Institute 
paper aroused special interest. 


MONTANA AGRICULTURAL COLLEGE 
BRANCH. 

The regular monthly meeting was 
held in the electrical lecture room, No- 
vember 13, 1908, Мг. В. 5. Hurd pre-, 
siding. It was decided to establish a 
question box for the purpose of discuss- 
ing questions of interest concerning 
electrical subjects, more particularly 
for the” benefit of members of the 
Branch. A committee was appointed 
to report upon the advisability of hav- 
ing a special electrical issue of the col- 
lege monthly. Mr. C. T. Booker was 
appojnted chairman of a committee to 
take charge of the electrical show to be 
given during the college year. Mr. Lisle 
Henderson was appointed regular corre- 
spondent to the college monthly. А 
program committee was appointed, 
constituted as follows: C. T. Booker, 
К. B. Barnard, А. S. Brown. Mr. Bert 
S. Hunt then delivered an address оп 
'" Vacation Experiences ". He was em- 
ployed during his vacation by the Mad- 
ison River Power Company, being en- 
gaged in repairing high tension trans- 
formers that had been damaged by 
lightning, and in power line construc- 
tion. 
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UNIVERSITY OF NEBRASKA BRANCH 

A special meeting of the University 
of Nebraska Branch was held on Ос- 
tober 22, 1908, for the purpose of elect- 
ing officers to fill the vacancies caused 
by the failure of a number of Students 
to return to the university this fall. 
Mr. V. A. Hollister was the presiding 
officer, and there was an attendance of 
14. The following officers were elected: 
Е. К. Pelster, treasurer, Н. С. Currier, 
recording secretary. А letter from 
Mr. Charles W. Stone, chairman of the 
Institute increase of membership com- 
mittee, was read and discussed. It 
was moved that the first regular meet- 
ing be held on Wednesday, November 4. 
Vice-president Hollister promised to 
arrange a satisfactory program for 
this meeting, but owing to the short 
time in which to make the arrangements 
he could not announce the details. 


OREGON AGRICULTURAL COLLEGE 
BRANCH 

The preliminary meeting of the year 
of the Oregon Agricultural College 
eBranch was held in the mechanical hall, 
October 16, 1908. The meeting was 
called for the purpose of organizing and 
electing officers for the ensuing year. 
The following were elected: S. H. Graf, 
chairman, C. Christiansen, secretary. 
Executive committee, S. H. Graf, T. M. 
Gardner, E. V. Hawley, С. L. Knopf, 
D. F. Morgan. Last year only seniors 
were admitted to membership. АП of 
these having been graduated, it was 
decided to admit junior students this 
year in order to increase the local mem- 
bership. 

The first program meeting was held 
on October 26, 1908. It was well 
attended and much interest was dis- 
played as evidenced by the discussion 
following each paper. Мг. С. L. Knopf, 
gave a brief, vet comprehensive, history 
of the Institute and the work it has 
accomplished. Не stated that its mem- 
bership included all the well-known 
engineers in America and many of 
those in foreipn countries. Mr. E. V. 
Hawley abstracted the Institute paper 
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on ‘ High Potential Underground 
Transmission." The paper brought out 
many points which have baíl'ed those 
studying long distance transmission 
lines, with special reference to lines built 
in California, and was well received. 
Professor T. M. Gardner explained to 
prospective members the advantages 
of belonging to the Institute and 
showed how the student would be 
benefited by being a member. 


PITTSBURGH SECTION 

The regular monthly meeting of the 
Pittsburgh Section was held on Novem- 
ber 10, 1908, in the Carnegie Institute. 
Mr. W. Edgar Reed, chairman, pre- 
sided. Notwithstanding t he inclemency 
of the weather, 22 were present at the 
informal dinner held at the University 
Club, and 138 attended the meeting 
immediately following the dinner. ‘The 
mining companies and the electrical 
profession in the entire surrounding 
district were well represented at the 
meeting, and among others present 
were some engineers from the United 
States Geological Survey. The subject 
of the evening was ‘ Electricity in 
Mines '', an original paper presented by 
Mr. George R. Wood, consulting elec- 
trical engineer, of Pittsburgh, Pa., who 
gave a very complete outline of the 
application of electricity to coal mining. 
The lecture was profusely illustrated 
by lantern slides. The paper was dis- 
cussed by Messrs. F. L. Sessions, W. A. 
Thomas, T. H. Schoepf, J. N. Mahonev, 
Е. C. Albrecht, H. L. Brown, and Н. W. 
Fisher. 

The subject for the next meeting 
will be ' Some Experiences in the 
Applications of Gas Power in the Opera- 
tion of 60-Cycle Industrial Plants, 
With Special Reference to the Plant of 
the Union Switch & Signal Company ”, 
an original paper by Mr. J. R. Bibbins. 


PITTSFIELD SECTION 
The first meeting of the season of 
the Pittsfield Section was held at 
Wendell Hotel, November 4, 1908. 
The attendance numbered 165—the 
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largest in the history of the Section. 
Mr. W. A. Hall, chairman, presided. 
Before introducing the first speaker, 
Mr. Hall outlined briefly the history 
of the Section and in a general way 
mentioned its plans for the future. 


He then introduced Dr. C. P. Stein- 
metz, who spoke on “ Light and 
Illumination." Dr. Steinmetz first 


touched briefly on the form of illumina- 
tion used in olden times, which con- 
sisted of nothing more than burning 
sticks, and later upon the development 
of the crude tallow candle. He then 
described the more modern form of 
light producers, such as the carbon 
filament electric lamp and the mantle 
gas lamp, and the still more recent t vpes 
such as the tungsten and tantalum 
incandescent lamps and the various 
forms of flaming arc lamps, also several 
types of the vacuum type of lamp. In 
connection with each lamp Dr. Stein- 
metz gave a very clear description of the 
energy required for operation, the efli- 
ciency and light giving qualities, point- 
ing out the advantages, disadvantages, 
and limitations. He then outlined the 
modern theories of light and illumina- 
tion and indicated the lines along 
which we may look for further advance- 
ment. 

The second speaker of the evening, 
Mr. Ralph W. Pope, was next intro- 
duced. Mr. Pope told of the earlv davs 
of the Institute 'and outlined its re- 
markable growth Нот its inception 
down to the present time. At some 
of the early meetings in New York the 
attendance numbered 25 or less. To- 
day large and interesting meetings 
are held in all parts of the country, 
and the membership numbers over 
6.000. Мг. Pope congratulated the 
Section on its flourishing condition and 
well attended meetings. He spoke 
very highly of the Institute in general 
and felt that every local member of 
the Section following electrical engi- 
neering work should become a member 
of the Institute. 

Chairman Hall then called on Mr. 
Н. W. Tobey, secretary of the Section. 
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Mr. Tobev felt that the Section had 
been particularly fortunate in securing 
Dr. Steinmetz and Mr. Pope for its 
opening meeting, and after a brief de- 
scription of the plans for the coming 
season mentioned the speakers who had 
already been secured, together with the 
subjects upon which thev are to address 
future meetings. Mr. J. M. Gilmore, 
chairman of the membership 
committee was next called upon, and 
he made the gratifving announcement 
that the total membership of the Sec- 
tion had increased to 205, a gain of 50 
over last year. He then described the 
arrangement between the Pittsfield 
and Schenectady Sections whereby 
members could be transferred from one 
to the other, which also provided that 
season tickets of either Section would 
be honored by the other. А social 
half hour concluded the exercises of 
the evening. . 

Prior to the opening of the meeting 
a dinner was served in honor of the 
speakers. Those present were: Dr. С. 
P. Steinmetz, Ralph W. Pope, С. С. 
Chesney, Willam Stanley, Stephen D. 
Field, Е. К. Whittlesey, Joseph Insull, 
МА. Hall, J. Еасаоћ, W.J. Wooldridge, 
I. P. Hayden, H. P. Ball, B. W. Tobey, 
I. Thon:pson. | 


local 


PURDUE University BRANCH 

At the meeting of the Purdue Uni- 
versity Branch held October 6, 1908, 
Мг. E. R. Candor gave a very interesting 
talk on “ Power Development in Co- 
lombia, South America.” As Mr. Candor 
has lived a good part of his life in the 
country of which he spoke and is 
thoroughly familar with its charac- 
teristics and people, the subject proved 
most entertaining. He pointed out 
the opportunities for the voung engi- 
neer in South America, particularly in 
Colombia, on account of its unlimited 
and undeveloped natural resources. 
He stated that one great drawback to 
progress is the lack of transportation 
facilities, especially around Bogota, 
the capital of Colombia." It is a city 
of over 100,000 population, but prac- 
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tically the only way to obtain supplies 
is by mule-back for a distance of about 
one hundred miles, the altitude of the 
city rendering the construction of a 
steam road difficult. According to Mr. 
Candor the chances for an electric 
road are very favorable, enormous 
power being available from the rapids 
at Honda, at one end of the route. 
The construction of such a road would 
present no great difficulties up to 
within thirty miles of Bogota, but here 
it would be necessary to overcome a 
rise in elevation of 7,500 feet in thirty 
miles. Mr. Candor exhibited some in- 
teresting views of Colombia and Bogota, 
and succeeded in his endeavor to show 
what an opening the natural resources 
of the country ofler to the energetic 
engineer. 

Another meeting was held on October 
20, 1908, in the lecture room of the 
electrical building.. Mr. J. R. Ong 
presided, and 33 members were present. 
The Institute paper on '' High Poten- 
tial Underground Transmission ", pre- 
sented at New York, was discussed. 
Mr. Doering gave in brief the general 
contents of the paper as a whole. 
Messrs. Aldridge, Bradfield and Gates 
then took up the paper by parts and 
discussed them in detail. 


SAN FRANCISCO SECTION 
The September meeting of the San 
Francisco Section was held on the 24th 
instant, Mr. P. M. Downing presiding, 
with a total attendance of 51. There 


was по executive business. The paper of . 


58 


the evening, on '' High Tension Insula- 
tors", was presented bv Mr. H. Naack. 

One hundred and one members and 
visitors were present at the October 
meeting, held on the 30th instant. Mr. 
F. G. Baum presided at this meeting. 
Mr. А. Н. Babcock read the paper of the 
evening, entitled “ Some Problems En- 
countered in Trunk-Line ÉElectrifica- 
поп" An informal discussion fol- 
lowed. 

SCHENECTADY SECTION 

The regular meetings of the Schenec- 

tady Section began on October 29, 1908. 
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At this meeting Mr. E. W. Rice deliv- 
ered a lecture on the ‘ Pioneer Devel- 
opments within the General Electric 
Company." Subsequent meetings were 
held on November 5, 12, and 19, at 
which Dr. C. P. Steinmetz gave a series 
of three lectures on the subject of ther- 
modvnamics. It was Dr. Steinmetz’ in- 
tention to cover the subject in the 
course of these three lectures, but it 
was found impossible, and he will com- 
plete the series with a fourth lecture on 
Deceniber 3. 

The membership of the Section is 
now between 800 and 900, and earnest 
efforts are being made by the meniber- 
ship committee to bring the number up 
to 1,000. The attendance at the four 
meetings above mentioned was bet ween 
350 and 400, divided about equally be- 
tween local and Institute members. 
The financial condition of the Section 
is such that it is believed the Section 
will continue to be self-sustaining. The 
General Electric Company has consent- 
ed to furnish the General Electric Review 
free of charge to all the members of the 
Section, in return for which a synopsis 
of each lecture delivered will be fur- 
nished to the Review. The next meeting 
of the Section will be held on Decem- 
ber 3. 


oT. Lours SECTION. 

At the first meeting of the season, of 
the St. Louis Section: held October 14, 
1908, 33 members and guests were 
present. In the course of the business 
session the executive committee was 
empowered to raise by assessment sutt- 
cient funds for the purpose of entertain- 
ment. Announcement was made of а 
plan under consideration to devote a 
meeting later in the season to the discus- 
sion of a '' question box". The paper of 
the evening, on “ The Fatigue of Insu- 
lation ", by Professor А. 5. Langsdorf, 
of Washington University, was inter- 
esting. The paper gave the results of a 
large number of tests of various kinds 
of material when subjected to alter- 
nating electric pressures. The arrange- 
ment of the testing apparatus was fully 
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described. Curves were shown of the 
relations which were found between the 
time of breakdown and the intensity of 
electrical pressure with uniform fre- 
quency, and between the time of break- 
down and frequency with uniform pres- 
sure. The conclusions drawn were that 
insulating materials have a fatigue of 
insulation corresponding to the fatigue 
in the strength of materials. In the 
discussion that followed the paper the 
theory was advanced that the results 
obtained might be due to thermal ef- 
fects instead of electrical. 

The November meeting was held on 
the 11th instant, 50 members and guests 
being present. After a brief business 


session the paper of the evening was 


presented by Mr. H. M. Beck, of Chi- 
cago, chief engineer of the operating de- 
partment of the Electric Storage Bat- 
-tery Company. Published information 
on storage batteries being rat her limited, 
the paper proved of special interest. 
Batteries were considered from the op- 
erating standpoint, and care, mainten- 
ance and operation were fully described. 
Numerous lantern slides were used to 
illustrate the paper. A sample cell, 
complete with plates, and samples of 
the latest types and of old types, of 
hydrometers for testing the specific 
gravity of the electrolite were exhib- 
ited. The meeting was followed by a 
social hour during which light refresh- 
ments and cigars were served. 


SEATTLE SECTION 

There was an unusually large at- 
tendance at the meeting of this Sec- 
tion held at the Chamber of Commerce 
on October 17, 1908. In the absence 
of Chairman Harisberger, Professor 
Magnusson presided. The invitation 
of the Automatic Telephone Company 
to the members of the Section to visit 
the company’s sub-station was accepted. 
The inspection trip will take the place of 
the regular November meeting. The 
members will proceed to Tacoma by 
Steamer Indianapolis, taking dinner 
aboard. After the visit to the plant 
they will return by the, Interurban 


Electric Railway, leaving at 9:15 p.m. 
An enjovable trip is anticipated. The 
matter of entertaining visitiny engineers 
during the Alaska-Yuxon-Pacific Ex- 
position was taken up and a motion 
made that a committee of three Ге 
appointed to confer with similar com- 
mittees from the Pacific Northwest 
Society of Engineers and the North- 
west Power and Light Association to 


arrange for properly receiving visitors. 


Three applications for local member- 
ship were presented and accepted. The 
meeting closed with the paper of the 
evening on the subject of ' Compara- 
tive Performance of Single-Phase and 
Direct-Current Railway Motors ", pre- 
sented by Mr. А. A. Miller. Mr. 
Miller stated that the alternating-cur- 
rent railway motor has long since passed 
the experimental stage and bids fair 
to drive the direct-current motor from 
the field. He declared that sparking 
troubles at the commutator have been 
satisfactorily eliminated. An interest- 
ing discussion followed the presenta- 
tion of the paper. 


STATE COLLEGE OF WASHINGTON 
BRANCH 

The first meeting of the year of this 
Branch was held October 20. 1908, in 
the Mechanical Building. Officers for 
the year were elected as follows: Pro- 
fessor H. V. Carpenter, chairman, Pro- 
fessor M. K. Akers, local secretary and 
treasurer, J. А. Smith, branch secre- 
tary and treasurer. The following 
were elected members of the executive 
committee: Е. Е. Keves, ]. T. Percival, 
and F. A. Phipps. Plans for the year 
were discussed, and a motion carried 
that the Institute Branch be made a 
parent to the student organization, 
the Mechanical and Electrical Society. 
The meeting was well attended and the 
outlook for a successful vear seems 
very promising. 


SYRACUSE UxivEnsirTY BRANCH 

The regular monthly meeting was 
held Thursday evening, November 5, 
1908. Мг. L. L. Cross џауе an ab- 
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stract of the Institute convention paper 
by Dr. J. B. Whitehead, ‘ From Steam 
to Electricity on a Single-Track Road.” 
Professors Graham and Acheson and 
Mr. Yoe took part in the discussion 
which followed. No executive business 
was transacted, 


UNIVERSITY OF TEXAS BRANCH 

This Branch held its regular meeting 
on the evening of October 30, 1908. 
Niuteeen members were present. Mr. 
J. M. Stevenson, who represented the 
Branch at the Institute convention at 
Atlantic City in June, read a paper re- 
garding the convention, which proved 
of great interest to those present, par- 
ticularly the report of the various Sec- 
tion and Branch representatives. Mr. 
McAlister reviewed the Institute paper 
entitled “Тре Relation of the Manu- 
facturing Company to the Technical 
Graduate ", and the paper on “ The 
New Method of Training Engineers ” 
was reviewed by Mr. Maesson. Mr. 
White also read another of the Institute 
convention papers, entitled * The Rela- 
. tion of the Manufacturing Company to 
the Technical Graduate." All of the 
papers were discussed. 


TOLEDO SECTION 

This Section held. an interesting 
meeting on Friday evening, November 
6, 1908, in the Builders’ Exchange. 
The address of the evening, by Mr. А. L. 
Eustice, went into the problem of re- 
cent work in high efficiency Шапипа- 
tion, especially the development of 
incandescent units of the Nernst glower 
tvpe, as well as the meridian, gem, 
tungsten and tantalum. The address 
was illustrated by numerous lantern 
slides, for the purpose of comparison. 
Considerable attention was given to 
the structural features of the new 
Westinghouse-Nernst lamp апа the 
relative merits of the tungsten. А 
spirited discussion followed the paper. 
which was participated in by Messrs. 
Н. S. Hall, of the National Electric 
Lamp Association, Cleveland, Ohio, 
С. C. Osborne, of the General Electric 


Company, lamp department, Harrison, 
New Jersey, and С. В. McKay. The 
meeting room was brilliantly illumi- 
nated by severaltypes of Ne:nst lamps 
which in addition to etfective lighting 
displayed some very attractive forms of 
electric fixtures. In speaking of tung- 
sten lamps Mr. Osborne exhibited and 
connected up several, and subjected 
them to violent handling while lighting, 
in order to demonstrate that these units 
are not frail or fragile. At the close 
of t he exercises a letter was read from 
the Ohio Society of Mechanical, Elec- 
trical & Steam Engineers, inviting the 
members of the Section to attend the 
society’s meetings at Hotel Secor, 
Toledo, November 20 and 21, 1908. 
The invitation was accepted. 


WASHINGTON UNIVERSITY BRANCH 

The second meeting of this Branch 
was held in Cupples Hall П on Wednes- 
day afternoon, November 11, 1908. 
Ten members were present. Mr. W. 
D. Barnes read an abstract of Mr. Н. 
St. Clair Putnam's paper on “ Соп- 
servation of Power Resources '", pre- 
sented at the Conference on the Con- 
servation of Natural Resources at Wash- 
ington last May. Mr. Barnes stated 
that the visible hard coal supply of 
the country would be exhausted within 
ТО years at the present rate of consump- 
tion. There are 30,000,000 h.p. avail- 
able in our water supplv, which should 
be utilized. Не pointed out the im- 
portance of coóperation of the canal, 
timber and power interests for the 
benefit of the general public. The dis- 
cussion that followed brought out 
some points of interest in regard to 
solar engines and gases from blast 
furnaces. Messrs. C. M. Duncan, F. C. 
Hirdler, and G. W. Lamke, took part 
in the discussion. 


University oF WuscoNnsIn BRANCH 

This Branch held its first meeting of 
the vear in the Madison City Library 
building on the evening of October 28, 
1908. It was one of the largest meet- 
ings the Branch has ever held, nearly 
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100 being present. Mr. C. E. Carter 
was elected chairman, and Professor 
J. W. Shuster, secretary. Messrs. W. E. 
Wickenden and Е. $. Culver were 
elected members of the executive com- 
mittee. The business being disposed 
of, a very interesting program was 
carried out. An original paper рге- 
pared by Messrs. Е. H. Kifer, С. E. 
Carter and C. A. Semrad, on '' Some 
Operating Features of a 500 kw. 
Turbo-Generator '' was presented by 
Mr. Kifer. The paper was illustrated 
by a number of enlarged sketches and 
tables, and an animated discussion 
followed the presentation. The Insti- 
tute paper on '' High Tension Under- 
ground Cables " was abstracted by Mr. 
Pott, and also discussed. The attend- 
ance and manifest interest at this first 
meeting gives promise for a most suc- 
cessful year for the Branch. 


WORCESTER POLYTECHNIC INSTITUTE 
BRANCH 

The second meeting of this Branch 
was held Friday night, October 23, 1908, 
in the Electrical Engineering Building, 
Salisbury Street. Мг. D. Н. Mace 
was elected to serve on the executive 
committee. The president, Mr. F. A. 
Spencer, announced that Mr. Johnson, 
of the Ontario Power Company, would 
speak at the next meeting, November 6, 
on * Some Features on the Work of 
the Ontario Power Company of Niagara 
Falls." The lecture is to be illustrated 
by a large and excellent collection of 
lantern slides. Мг. Spencer introduced 
the first speaker, Mr. L. А. Parkhurst, 


-who gave an account of his work with 


the American Telephone and Telegraph 
Company. During the summer of 1907 
he was located in New York, working 
on switehboard cable, later in Pitts- 
field installing a small test station, 
and stil later in Town Square, Pa., 
installing an exchange. During the 
summer of 1908 Mr. Parkhurst was in 
the company's long distance exchange 
at Pawtucket, R. I., in the general 
maintenance department. Мг. Park- 
hurst stated that although the con- 


struction department was better from 
a remunerative standpoint, he preferred 
the maintenance department as it 
afforded more experience. Mr. F. J. 
Adams, an instructor at the Worcester 
Polytechnic Institute, gave an account 
of the twenty-fifth annual convention 
of the American Institute of Electrical 
Engineers at Atlantic City last June. 
Mr. Adams pointed out the social ad- 
vantages of the convention, and made 
some remarks respecting the different 
papers presented there. Jn conclusion 
he gave some figures to show that the 
Worcester Branch ranked verv well 
in comparison with other Sections and 
Branches of the Institute. Мг. ]. A. 
O'Neil told of his work with the Wor- 
cester Consolidated Railway Company, 
online construction. Не first described 
the feeder and distribution. system, 
then the different shapes of trolley and 
met hods of suspension, concluding with 
a few remarks about poles and special 
work. The last speaker of the evening 
was Professor A. 5. Richey, who gave 
an account of the convention of the 
American Street and Interurban Кап- 
way Association at Atlantic City. Не 
stated that the attendance was about 
3.500, and explained how the meetings 
had to be divided into sections because 
of the various and numerous subjects 
to be treated. Professor Richey who 
presented the report of the committee 
on education at this convention, touched 
briefly upon the report and gave ab- 
stracts of several other papers pre- 
sented. He spoke also of the social 
features and the completeness of the 
exhibits at the convention. 

The third regular meeting was held 
Friday evening, November 6, 1908, one 
hundred and eighty being present. 
The subject of the evening was a lecture 
by Mr. Joseph A. Johnson, of the 
Ontario Power Company, on ‘ Some 
Features of the Work of the Ontario 
Power Company of Niagara Falls." 
Mr. Johnson outlined the hydraulic 
features of the plant from head-works 
to tail-race, and then took up the 
electrical installation in detail. Light- 
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ning-arresters and  lightning-arrester 
troubles were also dealt with. The 
distribution of power was very clearly 
shown by means of maps, and views 
of many of the consumers' plants were 
shown. Special relays developed by 
the company were described, and many 
oscillograph records obtained in experi- 
mental work were shown. Мг. Johnson 
has been engaged in much of the experi- 
mental and research work that has been 
undertaken by the company, and there- 
fore was able to deliver a most inter- 
esting lecture. It was illustrated by 
about 100 lantern slides. 


Personal 
Мк. E. W. Bowness has accepted а 


position with the Westinghouse Elec- : 


tric & Manufacturing Company in 
Vancouver, British Columbia. 


Mr. RicHaRD Е. WARNER has re- 
signed from the General Electric Com- 
pany and has taken a position with 
Messrs. Frazer & Sale, Limited, of 
New York, as manager. 


Mr. P. LINDEMAN was appointed, 
August 1, master mechanic of the 
Rochester, Syracuse & Eastern В.К. 
Company, operating about 58 miles 
of double track, with an office at 
Newark, New York. 


Mr. C. S. Peters, formerly in the 
engineering department of the Wagner 
Electric Mnaufacturing Company, St. 
Louis, Mo., has taken a similar position 
with the Mechanical Appliance Com- 
pany, Milwaukee, Wis. 


Mr. Нсен A. Brown, attached to 
the Chicago office of the Crocker- 
Wheeler Company for several years, 
has resigned his position to become 
manager of sales tor the Rockaway 
Coaster Company, Cincinnati, Ohio, in 
which he has an interest. 


Mr. Ерсав T. BEAUBIEN has been 
transferred from the patent bureau of 
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the Western Electric Company’s Chi- 
cago office to the patent bureau of the 
same company in New York, where he 
will be engaged in investigating patent 
questions arising with that company. 


Мк. У. J. Моогркірсе has been 
transferred from the Schenectady, N.Y. 
Works of to the General Electric Com- 
pany to their works at Pittsfield, Mass., 
where he will continue in the trans- 
former engineering department in 
charge of the commercial engineering 
section. 


Мк. F. J. Foote, electrical engineer 
for the Westinghouse Electric & Manu- 
facturing Company, formerly of Ст- 
cinnati, Ohio, is now looking after the 
engineering work for the above com- 
pany in Louisville, Ky. and vicinity. 
His present address is 539 East Chestnut 
St., Louisville, Ky. 


OrMAN B. HvuwPHREY, consulting 
engineer, of Bangor, Maine, who for the 
past year has been engaged on the pre- 
liminary engineering in connection with 
the Ryegate Light & Power Co., hydro- 
electric development on Wells River, 
Vermont, has completed his work, and 
active construction has begun. 


Mr. WiLLIAM E. КіЕІҮ, who since 
1899 has been managing editor of the 
Western Electrician, has resigned that 
position, and has taken up special 
literary work at 6503 Minerva Avenue, 
Chicago. Mr. Kiely has shown ex- 
ceptional ability in his editorial work,. 
and whatever he undertakes will be 
well done. 


Mn. Frank С. HERMAN severed his 
connection with the West Jersey & 
Seashore Railroad Company last August 
to accept a position with the New Jersey 
& Pennsylvania Traction Company, of 
Trenton, N. J. As chief engineer he 
will have charge of all power-houses 
and sub-stations, with an осе at 
Yardley, Pa. 


> 
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Мв. С. L. Proctor has accepted 
the position of electrical engineer and 
superintendent of operation of the 
Athens Electric Railway Company, 
Athens, Georgia. Prior to this ap- 
pointment Mr. Proctor was with the 
General Electric Company, Schenec- 
tady, in its testing, foreign and railway 
departments. 


Мк. RicHuaRD HEINRICH, of Berlin, 
spent a few days in New York 
and vicinity, returning home by the 
Hamburg-American steamship Victoria, 
November 12. Mr. Heinrich was asso- 
ciated with Mr. C. O. Mailloux, as an 
official representative of the Institute 
at the recent International Electrical 
Congress at Marseilles, France. 


Mr. H. G. FErHERLING, formerly 
with the Northern Electrical Manufac- 
turing Company, and later with the 
Pittsburg office of the Blaisdell Filtra- 
tion Company, has again associated 
himself with the Northern Company, 
as manager of the apparatus depart- 
ment. Mr. Fetherling will be in the 
home office at Madison, Wisconsin. 


Мк. Tuomas V. pD’ORNELLAS, elec- 
trical consulting engineer to the Pe- 
ruvian Government, has transferred 
his residence from calle de Santa 
Teresa 91, Lima, to calle de Lima 15, 
Chorrillos, п. Lima. Mr. d'Ornellas 
has been connected with the electrical 
department in the Ministry of Public 
Works of Peru for over three years. 


Мк..]. В. Совром, for many years 
southern district manager for the 
Westinghouse Electric & Manufacturing 
Company, has resigned from that 
company and accepted a position with 
the Western Electric Company as power 
apparatus sales manager for their 
southern territory, with headquarters 
at Atlanta. Не assumed his new duties 
on November 1. 


Мк. Н. B. KIRKLAND, formerly 
general sales manager for the National 
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Metal Molding Company, has organized 
the H. B. Kirkland Company, of which 
he is president, with Charles F. Boynton 
as treasurer. The company will act as 
sales agents for the National Metal 
Molding Company, in the territory east 
of the Allegheny mountains, with head- 
quarters at the Postal Telegraph Build- 
ing, 253 Broadway, New York City. 


Mr. W. G. Тисммег has resigned 
his position as chief engineer of the 
Bartlesville Inter-Urban Railway Com- 
pany, of Bartlesville, Oklahoma, to take 
charge of the building of an electric 
road near St. Louis. Mr. Thummel 
makes a specialty of small inter-urban 
roads, handling the engineering, civil 
and electrical, from the preliminary 
survey to the operation of the road. 
He is at present located at 4341 West 
Belle Place, St. Louis, Mo. 


Мк. H. D. Мекроск, who has been 
mechanical and electrical engineer of 
the Indianapolis & Louisville Traction 
Company for the past year, at Scotts- 
burg, Ind., has been made superin- 
tendent of the company and the posi- 
tion of mechanical and electrical engi- 
neer has been abolished. For a num- 
ber of years, Mr. Murdock was identified 
with the Westinghouse Electric & 
Manufacturing Company and later 
with the Brooklyn Rapid Transit Com- 


pany. 


HENRY Foy, consulting engineer, has 
just returned to New York from a sev- 
eral weeks' business trip in Mexico in 
connection with the proposed hydro- 
electric development of El Salto Falls, 
owned by the Rascon Mfg. & Develop- 
ment Co., which company proposes to 
transmit electric energy to Matehuala 
and San Luis Potosi, in both of which 
towns there is a desirable market. 
While in Mexico he also inspected the 
Guanajuato Power & Electric Com- 
pany's system at Guanajuato, and the 
Necaxa transmission into Mexico City. 
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Mr. WALTER Datton, formerly of 
Philadelphia, who was constructing 
engineer for James J. Burke & Com- 
pany, of Salt Lake City, who installed 
the sampling mills, ore bins and tram- 
way for the Bakala Copper Smelter 
in California, also with the Salt Lake 
City office of Chas. C. Moore & Company, 
and installed for them the hydro- 
electric plant of the Idaho Consolidated 
Mines Company, at  Belvue, Idaho, 
has returned to Philadelphia, and is 
now a member of the engineering staff 
of the Philadelphia Construction Com- 


pany. 


Illuminating Engineering So- 
ciety 


The next meeting of the New Eng- 
land Section of the Illuminating Engi- 
neering Society will be held on Thurs- 
day, December 3, 1908, at 7:30 p.m., 
in the auditorium of the Edison Build- 
ing, 39 Boylston street, Boston. 

Mr. H. W. Moses will read a paper 
describing the work of the division of 
illuminating engineering of the Edison 
Electric Illuminating Company of Bos- 
ton. 


Technischer Verein Officers 


At the annual meeting of the Tech- 
nischer Verein von New York, held in 
October, the following officers were 
elected for the year 1908-1909: 

F. J. Flocke, president; А. Lebrecht, 
vice-president; Karl Kaelble, first sec- 
retary; Henry Jackson, second secre- 


tary; W. Frick, treasurer; H. Meixner, ' 


librarian. 


Annual Meeting A.S.M.E. 


The twenty-ninth annual meeting of 
the American Society of Mechanical En- 
gineers will be held in the Engineers’ 
Building, 33 West Thirt y-ninth street, 
New York, December 1-4, 1908. The 
following papers will be presented: 


“The Conservation Idea as Applied to 
the American Societ y of Mechanical En- 
gineers" (president's address), by M. L. 
Holman. 
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Wednesday, December 2 


“The Engineer and the People," by 
Morris Llewellyn Cooke. 

“ Aeronautics," by Major Geo. О. 
Squier, Acting Chief Signal *Officer, 
U. S. A. 

‘А Method of Obtaining Ratios of 
Specific Heat of Vapors," by А. К. 
Dodge. 

“The Total Heat of Saturated 
Steam,” by Dr. Harvey N. Davis. 

“Fuel Economy Tests," by С. R. 
Weymouth. 

"An Automatic System for Firing 
Fuel Oil," by C. R. Weymouth. 


Thursday, December 3. 


“Efficiency Tests of Milling Machines 
and Milling Cutters," by A. L. DeLeeuw. 

“ Metal Cutting Tools without Clear- 
ance," by James Hartness. 

'" Interchangeable  Involute Gear 
Tooth Svstems," by Ralph E. Flanders. 

“ Durability of Gears in Electric Rail- 
way Service," by Norman Litchfield. 

‘Industrial Photography,” by S. Ash- 
ton Hand. 

“ Articulated Compound  Locomo- 
tives," by C. J. Mellin. 

"Liquid Tachometers," by Amasa 
Tronridge. 

“Training Workmen," by H. L. Gantt. 

“ An Averaging Instrument for Polar 
Diagrams," by Prof. W. F. Durand. 

“Salt Manufacture," by George B. 
Willcox. 

“ Reminiscences of a Gas Engine De- 
signer," by L. H. Nash. 

‘Possibilities of the Gasolene Tur- 
bine," by Prof. F. C. Wagner. 


Friday, December 4. 


“ Physical Properties of Carbonic 
Acid and the Conditions of its Есопопис 
Storage for Transportation," by Prof. 
R. T. Stewart. 

“The Shpptng Point of Rolled Boiler 
Tube Joints,” by O. P. Hood and Prof. 
G. L. Christensen. 

*! Tests on Friction Clutches for Power 
Transmission," by Prof. R‘chard С. 
Dukes. 
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Obituary 


Mr. Epwarp Victor BAILLARD, who 
was a manufacturer of electrical ma- 
chinery at 24 Frankfort Street, New 
York City, died on the evening of Octo- 
ber 24, 1908, from a pleuritic attack. 
Mr. Baillard was born in New York 
City on March 14, 1866. He received a 
general education in private and public 
schools in New York. On leaving school 
in 1881 he took up the study of elec- 
tricity and its applications, from period- 
icals and various text-books. He was 
elected an Associate of the Institute on 
December 3, 1889, and on January 16, 
1895, was transferred to the grade of 
Member. He is believed to have been 
the first person to make a practical 
demonstration of the multiplex tele- 
graph. The experiments were conducted 
in 1886 by himself and his associate, 
Mr. А. M. А. Beale, bet ween 253 Broad- 
way, New York City, and Philadelphia, 
with Mr. Baillard at the New York end 
and Mr. Beale at Philadelphia. In the 
course of the experiments eight mes- 
sages were sent simultaneously over 
the same wire to eight separate offices. 
He was widely known in electrical cir- 
cles as an expert mechanician, making 
a specialty of solving difficult mechan- 
ical problems in the construction of fine 
electrical machinery, and to his tech- 
nical knowledge and mechanical skill 15 
due the development to the practical 
stage, of a number of important elec- 
trical inventions. 


ELMER Соор EBERHARDT, vice-pres- 
ident of the Newark Gear Cutting Ma- 
chine Company, of Newark, N. J., died 
on Saturday, November 21, 1908, at 
the home of his father, Henry E. Eber- 
hardt, 113 Orchard Street, Newark, 
after a few davs' illness. He was born 
on April 26, 1881, at Newark. Although 
only 27 years of age at the time of his 
death, Mr. Eberhardt had established a 
reputation as a mathematical and in- 
ventive genius. When 11 years of age 
he began his four years' high school 
course, graduating at the head of his 
class at 15. Ambitious to still better 
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his education, he entered the Stevens 
Institute at Hoboken. While at coilege 
he was elected president of the French 
class. After a vear at Stevens Institute 
Mr. Eberhardt left to enter upon his 
business career, starting as an appren- 
tice in his father's shop. He afterwards 
decided to go to Cornell University to 
complete his electrical engineering edu- 
cation, and was graduated from that 
institution in the class of 1904. Оп 
August 5, 1904, he became an Asso- 
ciate of the American Institute of Elec- 
trical Engineers. Оп re-entering his 
father's employ ће at once began to de- 
vise improvements for the gear cutting 
machines manufactured by the firm. A 
number of his inventions were patented 
and attached to the machines. Some of 
his attachments have revolutionized the 
manufacture of cut glass. He was un- 
married, and lived with his parents. 
His father and mother and four brothers 
survive him. 


Accessions to the Library 

The following accessions have been 
made to the Library of the Institute 
since the last acknowledgements: 


Barrows, W. E. Electrical Illumi- 
nating Engineering. New York, 
McGraw Publishing Co., 1908 (gift 
of publishers). Price, $2.00 net. 

Bureau des Longitudes. Annuaire pour 
L'an 1909. Paris, Gauthier Villars, 
1908 (exchange). 

College of Science, Imperial Univ. of 
Tokyo, Japan. Journal. Vaol. 
XXV. Tokyo, 1908 (exchange). 

Рокемс$, C. A. Robert Hare's Electric 
Furnace, n.p: n.d. (gift of author). 

FonsE, W. H., JR. Electric Railway Au- 
diting and Accounting. New York, 
McGraw Publishing Co., 1908. 
Price, $2.00 net (gift of publishers). 

General Incandescent Arc Light Co. 
Bulletin, 1903-1905 (gift of Н. W. 
Tobey). 

Institution of Civil Engineers, Minutes 
of Proceedings. Vol. 172. London, 
1908 (exchange). 

List ОЕ MEMBERS, July 1908. Lon- 
don, 1908. 
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Млусоск, W. P. Electric Lighting and 
Power Distribution. Edition 7, 
Vol. 1l. London-New York, The 
Macmillan Co., 1908. Price, $1.90 
net (gift of publishers). 


Mean, DaniEL W. Water power engi- 
neering, theory, investigation and 
development of water powers. 
New York, McGraw Publishing Co. 
Price, $6.00 net (gift of author). 


Contents.—Chapter I.—Introduction. II.— 
Power. lll.—Hydraulics. 1V.—Water power. 
V.—Water power continued. VI.—Rainífall. 
VII.—Disposal of the rainfall. VIII.—Run-off. 
IX.—Run-otf continued. X.—Stream flow. XI. 
-—Mceasurement of stream flow. — XII,—Water 
wheels. XIIJ.—Turbine details and appurten- 
ances. XIV.—Hydraulics of the Turbine. XV.— 
Turbine testing. XVI.—Selection of the turbine. 
XVII.—Load curve and load factors, and their 
influence on the design of the power-plant. 
XVIII.—Speed regulation of turbine water 
wheels. XIX.--Water wheel governcr. XX. 
—Arrangement of the reaction wheel. XXI.— 
Selection. of machinery and design of plant. 
XXII.—Examples of water power plants. XXIII 
—Relation of dam and power station. X XIV.— 
Principles of construction of dams. XXV.—Ap- 
pendages to dams. XXVI.—Pondage and stor- 
age. XXVII.—Cost, value and sale of power. 
XXVIII.—Investigation of water power projects. 


Момсктом, C. C. Е. Radio-telegraphy. 
New York, D. Van Nostrand Co., 
1908. Price, $2.00 net (gift of 
publishers). 

CoNTENTS.—Chapter I.—Elcctric phenomena. 
II.—Electric vibrations. III.—Electro-magnetic 
waves. IV.—Modified Hertz waves used in radio- 
telegraphy. V.—Apparatus used for charging the 
oscilator. VI.—(The) Electric oscillator-method 
of arrangement. VII.—(The) Electric oscillator- 
practical details VIII.—(The) Receiver-method 
of arrangement. IX.—(The) Receiver-detecting 
apparatus and other details. X.—Measurements 
in .radio-telegraphy. XI.—KExperimental sta- 
tion at Elmers end-Lodge-Muirhead system. 
ХП.— Ка ћо-јејергарћ station at Nauen-Tele- 
funken system.  XIII.-- Radio-telegraph station 
at Lynyby-Poulsen  syste:n. XIV.— Portable 
stations. XV.—Radio-telephony. 


MorteLay, Р. F. Bibliography of Elec- 
trochemistry and Allied Subjects. 
n.p: n.d. (gift of author). 

National Association of Cotton Manu- 
facturers. Transactions, No. 84. 
Boston, 1908 (gift of society). 
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Electric Light Association. 
Vol. 1. 


National 
Thirty-first Convention. 
New York, 1908. 

National Fire Protection Association. 
Articles of Association. Ofhcers ` 
and committees for the year 1908- 
1909. Chicago, 1908. 

NICHOLS, EDWARD L., AND FRANKLIN, 
W. S. The Elements of Phvsics. А 
college text-book (3 vols). Vol. 2. 
Electricity and Magnetism. New 
edition. New York, The Mac- 
millan Co., 1907. Price, $1.60 net 
(gift of publishers). 

Public Service Commission. Report 
of the Public Service Commission 
for the first district of the State 
of N. Y. Vol. 1. Albany, 1908 
(gift of commission). 

Relative Index. An extension of the 
Dewey system for the electrical in- 
dustry. Schenectady, 1903 (gift 
of General Electric Company). 

RICHARDSON, S. S. Magnetism and elec- 
tricity and the principles of elec- | 
trical measurement. New York, 
D. Van Nostrand Co. n.d. Price, 
$2.00 net (gift of publishers). 

ConTENTS.—Part I.—Magnetism. Part II.— 

Static electricity. Part 1]].—Curtent electricity. 

SHELDON, SAMUEL, Mason, HOBART, 
AND HAUSMANN, Ericu. — Alter- 
nating-Current Machines, being the 
second volume of Dynamo Electric 
Machinery. 7th ed. New York, 
D. Van Nostrand Co., 1908 (gift 
of publishers). 


Stone and Webster Library. Current 
literature. References, 1907. Bos- 
ton, 1908 (gift of Electric Railway 
Journal). 

Western Union Telegraph Company. 
Annual Report of the President to 
the Stockholders, 1908. New York, 
1908 (gift of company). 

Н. У. Мизом Co., publishers. Read- 
er's guide to periodical literature. 
Minneapolis, 1908 (gift of McGraw 
Co.). 
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W. STRATTON, Washington, D. C. 
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THE GENERAL EQUATIONS OF THE ELECTRIC 
CIRCUIT 


———. 


ВУ CHARLES P. STEINMETZ 


Introduction. The following investigation of the general 
equations of the electric circuit was carried out during the last 
vear, and necessarily is stil very incomplete, and in some 
instances may require modification. As, however, our incom- 
plete knowledge of the phenomena resulting from the stored 
energy of the electric field is at present the main hindrance to a 
practically unlimited extension of high potential transmission 
and distribution, the study of these phenomena represents the 
most important problem of electrical engineering, and the 
following outline 15 given in the hope of inducing other investi- 
gators to take up and continue the study of the subject. 

As in all theoretical investigations, the most important part 
is the practical interpretation of the mathematical equations. 
Some such interpretations have been attempted throughout the 
following and may be read even without following the equations 
from which they are derived. 

This paper represents an attempt to investigate mathemati- 
cally the phenomena which may occur in the most general case 
of an electric circuit. 

The general equations of the electric circuit, t.e., equations 
which represent current and voltage in any circuit or circuit 
section irrespective of the character of power, voltage etc., 
can be derived under the condition that the constants of the 
electric circuit: resistance, inductance, conductance, and capacity 
are constant. | 

These equations are given by а sum of terms or groups соп- 
taining trigonometrical and exponential functions of time and 
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distance, and the differences between all the phenomena which 
may occur in electric circuits merely result from different 
numerical values of the integration constants of this general 
equation. 

Each group or term comprises four waves of the same fre- 
quency—two propagate in the one, the other two in the opposite 
direction—and can be considered as comprising two component 
waves, each consisting of a wave and its reflected wave, or re- 
turn wave. 

One of the component waves increases in the direction of 
propagation, the other decreases. The former, however, de- 
creases with the time more rapidly than the latter. 

A standing wave is a wave in which the component waves 
coincide. А standing wave has the same intensity throughout 
the circuit. It starts at maximum value and dies out with 
the time at a rate corresponding to the dissipation of energy in 
the circuit, as given by the time constant of the circuit. 

The general wave, comprising two component waves (each 
consisting of main wave and return wave), gradually builds up 
to a maximum and then dies out again. One of the component 
waves dies out slower, the other faster than corresponds to the 
energy dissipation in the circuit, and the former decreases 
while the latter increases with the distance. 

А free oscillatión of a circuit 1s a wave in which no energy is 
supplied to or abstracted from the circuit. 

The free oscillation of a uniform circuit 15 а standing wave, 
but a standing wave 1s not necessarily a free oscillation. 

The electric wave in a uniform circuit 1s oscillatory in time 
if its frequency is high and the circuit of moderate length. 
With very low frequency or extreme length, as in submarine 
cables, or long distance telephone lines, waves may occur which 
are not oscillatory, but logarithmic. 

In overhead transmission lines and underground cable sys- 
tems all phenomena which may result in excessive voltages or 
currents are oscillatory in nature. 

In a traveling wave each component wave traverses the cir- 
cuit at constant velocity and wave shape, and an amplitude 
which decreases with the distance traveled, but at any point 
rises from zero to a maximum, and then gradually decreases 
again to zero. It is not а Нее oscillation, but energy is trans- 
ferred along the circuit by it. 

The phenomena of alternating currents are those of a general 
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wave in which the time decrement of the first component wave 
vanishes, that 1$, the energy transfer constant f equals the time 
constant ш. 

In a complex circuit, that 15, circuit containing a number of 
sections of different constants, the same general equation can 
be extended throughout the entire circuit and across the transi- 
tion points between different sections of the circuit of different 
constants, by using as distance variable the velocity of propaga- 
tion of the wave in each section of the circuit. 

The free oscillation of a complex circuit is not a standing wave, 
and the equations of the standing wave do not apply to it, 
but is a general wave in which the intensity of the wave in- 
creases or decreases with the distance in each section, and 
energy transfer occurs between the different sections of the 
circuit. 

The free oscillation of a complex circuit dies out at a rate 
given by the mean time decrement, or mean time constant of 
the entire circuit. 

Those sections having an individual time constant greater 
than the mean time constant of the entire circuit receive energy 
from the adjoining sections, while those sections having an in- 
dividual time constant less than the mean time constant of 
the entire circuit supply energy to the rest of the circuit during 
a free oscillation. 

During a free oscillation of a complex circuit each section of 
the circuit does not perform a free oscillation. 

In a section of high energy dissipation, as a transmission line, 
the oscillation may last very much longer, and be of lower fre- 
quency, if this section 15 a part of a complex oscillating circuit, 
than if the section oscillates alone. 

In the free oscillation of a complex circuit the entire length 
of the circuit, when expressed in velocity measure, represents 
a complete wave, or a half wave, or a quarter wave, or a multiple 
thereof. 

In the free oscillation of a complex circuit the energy of the 
electric field of each section divides between the energy dissi- 
pated in the section and the energy transferred to other sections 
(or received) in a proportion depending upon the circuit con- 
stants. 

At a transition point between sections of a complex circuit, 
the general equations remain the same when expressed with the 
propagation velocity as distance unit, but the numerical values 
of the integration constants change. 
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At a transition point between sections of a complex circuit 
transformation of current and voltage, reflection and refraction 
occurs. 

A single wave at a transition point is partly reflected, partly 
transmitted, but without change of phase angle, that is, the 
reflected and the transmitted wave have at the transition point 
the same phase angle as the incident wave. 

A single wave at a transition point divides between trans- 
mitted and reflected wave in a proportion depending upon the 
circuit constants. 

The greater the change of constants at the transition point, 
the greater is the reflected and less the transmitted wave. 

In a general wave, at a transition point, a transformation of 
current and voltage occurs by a ratio proportional to the circuit 


м: 
constan C 


When traversing a transition point a refraction occurs, so 
that the ratio of the tangents of the distance phase angle of the 
wave at the two sides of the transition point is constant and 
equal to the voltage transformation ratio. 


I. DERIVATION ОР GENERAL EQUATIONS 


1. The energy relations of an electric circuit are charac- 
terized by the four constants: 


r = effective resistance, representing the power consump- 
tion depending upon the current, ?? 7, or the energy voltage,7 7, 
consumed in the circuit. 

L = effective inductance, representing the energy storage 

| | TL | À 
depending upon the current, EE as electromagnetic com- 
ponent, 1 L, of the electric field; or the voltage induced by a 


йт 
change of the current, /, un 
g = effective shunted conductance, representing the power 
consumption depending upon the voltage, е? в, or the energy 
current, e g, consumed in the circuit. 
C = effective capacity, representing the energy storage de- 


eC 


5, âs electrostatic component, e С, 


pending upon the voltage, 
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of the electric field, or the current consumed by a change of the 


de 
voltage, C "dt^ 

As every circuit element consumes and stores energy, and so 
contains all four circuit constants, the assumption usually made 
in the investigation of electric circuits, that these four constants 
r, L, g, C, are localized, is permissible only in cases dealing with 
the usual phenomena of direct and of alternating currents, 
but fails when dealing with the transient phenomena resulting 
from the readjustment of the circuit to changes of circuit con- 
ditions, to external influences such as lightning, or when in- 
vestigating high frequency phenomena, voltage and current 
distribution in long distance high potential circuits, cables, 
telephone lines, etc., and r, L, g, C, must then be treated as 
distributed throughout the circuit. 

As r, L, g, C, are denoted the effective resistance, inductance, 
conductance, and capacity, per unit length of circuit, choosing 
as unit of length of the circuit whatever may be suitable, a 
centimeter in the high frequency oscillation over the multigap 
lightning-arrester circuit, or a mile in a long distance trans- 
mission circuit, or high potential cable. 

In the most general case of an electric circuit or circuit sec- 
tion, it is possible to derive from the constants of the circuit, 
r, L, g, C, and without any assumption whatever regarding cur- 
rent, voltage, etc., general equations of the electric circuit, and 
some results and conclusions from such equations, which are 
based on the single assumption, that the constants r, L, g, C, 
remain constant with the time, t, and distance, и; $.е., are the 
same for every unit length of the circuit or section of the circuit 
to which the equations applv. Where the circuit constants 
change, as where another circuit joins it, the integration con- 
stants in the equations also change correspondingly. 

Special cases of these general equations then are all the 
phenomena of direct currents, alternating currents, discharges 
of reactive coils, high frequency oscillations, traveling waves, 
etc., and the differences between these different circuits are due 
merely to different values of the integration constants. 

2. In a circuit, or a section of a circuit, containing distributed 
resistance, inductance, conductance, and capacity, as a trans- 
mission line, cable, high potential coil of transformer, telephone 
or telegraph circuit, etc., let: 
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f — effective resistance, per unit length of circuit. 
L — effective inductance, per unit length of circuit. 

g = effective shunted conductance, per unit length of circuit. 

C = effective capacity, per unit length of circuit. 

Let the time be denoted by t, and the distance from some 
starting point by жи. 

Let e = voltage, and ? = current, at any point 4 and at any 
time t. 

€ and т are functions of time t and distance и. 

For any element d и of the circuit, the differential equations 
then apply: 


| 


de . d 1 
d —ritL Ii (1) 
аз de 
du -getC d t (2) 


Differentiating (1) after t, and (2) after и, and substituting (1) 
into (2), gives: 


“> 


d? 4 „Чї 


| di 
Ju eit Съ) +16 PE (3) 
and in the same manner: 
а? а d? 
a = eet СЕТ) ЕС (4) 


These differential equations, of second order, of current : 
and voltage e, are identical. That 15: 

In an electric circuit, current and electromotive force arc 
represented by the same equations, differing by the integration 
constants only, which are derived from the terminal conditions 
of the problem. 

Equation (3) is integrated by terms of the form: 


= быы (5) 
Substituting (5) in (3) gives the identity: 
v = rg—(rCctgL)se-LCs 

(s L—r) (sC в) (6) 
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In the terms of the form (5), the relation (6) must exist be- 
tween the coefficients of и and 1. 
Substituting (6) into (1) gives: 


d 
T. = (r—sL) А e“! (7) 
and, integrated: 
е = t A СУМ (8) 


In their most general form, the Equations of the Electric Cir- 


cuil are: 
I = У, Авен Зи! (9) 


Бр (а L—r —Ur,H—s 


v? = (5, L—r) (5, С —g) ap (11) 


* 


where Ал, Un, and s,. are integration constants, the latter two 
being related to each other by the equation (11). 

3. These pairs of integration constants: Ан, v, and s,, are 
determinated by the terminal conditions of the problem, as the 
current and voltage at fixed points of the circuit аз function 
of time, or the distribution of current and voltage at a fixed 
time as function of the distance, etc. 

While ғ and e must always be real quantities; v, and s, as 
exponents may be complex quantities, and in this case, the inte- 
gration constants, Ал, are such complex quantities, that by 
combining the different exponential terms of the same index и, 


5, L—r 


n 


the imaginary terms in .1, and A, cancel. 


Denoting, in the exponential function: 


g "" st 
v=h+jk (12) 
5 = р+]4 


14 15: 
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and the latter term resolves into trigonometric functions of the 
angle: 
ku+qt 


ku+qt = constant (13) 


so gives the relation between и and t for constant phase of the 
oscillation or alternation of the current or voltage. 

With change of time t, the phase changes in position и, 
in the circuit, 7.e., moves along the circuit, and the velocity of 
this motion is given by differentiating (13) after t as 


E du q 
лж cades (14) 
that is: 
| | а 
У = Т (15) 


is the velocity of propagation of the electric phenomena in the 
circuit. 

(If no energy losses occur, г = 0, р = 0, in a straight con- 
ductor in a medium of unit magnetic and dielectric constant, 
that is, unit permeability and unit inductive capacity; V 15 the 
velocity of light.) 

4. Since (11) 1s a quadratic equation, several pairs or corre- 
sponding values of v and s exist, which correspond to the same 
equation (11), and can be combined with each other into a 
group. 

Such a group of terms, of the same index п is defined by the 
equation (11): 


v = (sL—r) (sC—g) (16) 
and substituting: у 
v=UuVLC | (17) 
and also: 
и =h +jk 
v, = h +k, (18) 
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Hence: E 
һ = һ, VL C 


Е = К, NL С 
it is, substituting (18) т (16): 


mtik = [eio T] [0/9 -€] 


resolved, and substituting: 


ET (в 
ш Hz + E) 
uq E ous. 
иза (т c) 
pjtw 
gives: 
h?— k? = — Ф — т? 
hik, = fq 
and: 
p-e ase №2 — 2 + т? 
| fq = һ, Ё, 
һепсе: 
h= VLC VEIRAT Ф т 
k= VLCVEIRI Pte tm 
2 
Е ИРЕ P W+k . 
‚ К? = МР + а – то): +4 Ф m = сүф 
ОГ. | 
КИО E a Е 
[х= Tre VERE +h —R+L С те! 
1 Е НЕВЕ. 
Ч = ра мъ (R2 — +0 Ст? 
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(19) 


(20) 


(24) 


(25) 


(27) 
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Rè = МЕС m)?-4L Сет = LC (+9) 


This gives eight pairs of corresponding values of v and s: 


1. v= +А+]Ё s=w-—f—-Jjq 

+h—jk w—] +19 
2. ч=—й—]Ё s=w—f—-Jq 

—h-4jk и — | +] 8 

(28) 

3. v=—h.+jĵk s=wt+f—jq 

—h-jk +} +79 У 
4. v= th—jk s=wtf—jq 

+h +jk w+f+jq ] 


Substituting these values in the general equations (9) and 
(10), and in the usual manner transforming the exponential 
functions of 1maginary exponents, into trigonometric functions, 


and substituting for the integration constants, À, the new con- 
stants: 


C = А+А’ 
ОА (d 


then gives as the general expression of the 
Equations of the Electric Circuit: 


= ја ^07! (C, cos (qt — Ки) + С, ' sin (qt — Ки) | (i) 


>. 
| 


Ан (И! {C соз (qt 4- ku) +C,’ sin (qgt+ku)} (т) 

(29) 
+ethu-(wth! (C. cos (qt — Ки) + С,' sin (qt —kw)] (ts) 
— e hw-(w*f)! [C cos (41+ ku) + C,' sin (qt - kw)]] (т,) 


e = X[e ^» (7! {(с,” С,” — c, Cy) cos (qt — ku) — (с,' C, e Cy’) 


sin (qt — Би) | (e1) 
Hethum {(с,” С,' — с, С,) cos (44+ Ки) — (c,' Са + e, C4") 
sin (qt + ku) | (е,) 


++ (9+7 | (с, Ca! — с, C4) cos (qt — kw) — (с, С, +c, Cy’) 
sin (gt — ku) | (e) (30) 
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peche) de^ Cy’ — с, CQ) cos (qt - ku) — (с,' С, +с, C’) 
sin (gt + Ки) |) (e) 
where C,, C,', С, C,’, С, C,', С, C,', and two of the four 


values, f, q, h, k, are integration constants, depending on the 
terminal conditions, and: 


_ ЧЕ (т+Р у 
| h? +k? 


Е (mtf) —qh 
б == уз у ја L 
(31) 
_ qk- h(m—f) у 
h? + k? 
_ k(m—f)+qh 
, Li — — 
É wie E 


and: 


(32) 


р — т... 


апа д, k, and ў, q, are related by the equations: 


И ОИ g om] 


= МЕ СМК Рф ат? (33) 


= V (PHP —m)c4q nm 
hence: 
h+k = LCR; (34) 
ог. 
[е =й УМ} К+” ВІ С та) 
VIC | 
| 
| 


qe т VFTIR EFE LCi] — h+k- LC m} (35) 


= V (Д%+ЁЮ?%+1,С т?) 41, СЕ! m 
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R4 
2— 4 Я 
IE ou 


II. .DiscussioN oF GENERAL EQUATIONS. 


5. The general equations of current and voltage of a circuit 
or section of circuit having uniformly distributed and constant 
values of r, L, g, C, appear as a sum of groups of four terms each, 
characterized by the feature, that the four terms of each group 
have the same values of f, а, Й, К. 

Of the four terms of each group, ti, 2,, 1; 24, OF €j, Ez, ез, & 
respectively (equations (29) and (30)), two contain the angles 
(qt — Ки); 1,, €,, and 4, ез; and two contain the angles (qt 4- ku); 
1,, 6,, and 1., e, 

In the former, the velocity of propagation is: 


©. 
& 


Li ERE E А 
+ 


еъ 


hence positive, that 1s, towards raising и. 
In the latter, the velocity of propagation 1s: 


du 


Cu ener cod. 
d t k 


or negative, that is, towards decreasing и. | 
Each group consists of two waves and their reflected waves. 


1! = 1, —1, and e’ = e,+e, is the first wave and its reflected 


wave, and 
1" = 1,— 1, and e" = e,+e, is the second wave and its reflected 
wave. 


In the first wave, 1’, е’, the amplitude decreases in the direc- 
tion of propagation, e^^* for rising, e*^* for decreasing и, and 
the wave dies out with increasing time t, by e^ (570) =Е etit, 

In the second wave, 1”, e”, the amplitude increases in the di- 
rection of propagation, e*^* for rising, е^“ for decreasing и, but 
the wave dies out with the increasing time t, by e-(r*hr-— 
6% eft that is, faster than the first wave. 

If the amplitude of the wave remained constant throughout 
the circuit—as would be the case in a free oscillation of the 
circuit, in which the stored energy of the circuit 1s dissipated, 
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but no power transferred one way or the other— that is, if Л = 0, 
it also is, Бу (56), / «0, that is, both waves coincide into onc, 
which dies out with the time by the decrement e^", 

It thus follows: 

In general, two waves, with their reflected waves, traverse 
the circuit, of which the one 2", e", increases in amplitude in the 
direction. of propagation, but dies out correspondingly more 
rapidly in time, that is, faster than a wave of constant ampli- 
tude; while the other $’, е’, decreases in amplitude, but lasts a 
longer time, that is, dies out slower than a wave of constant 
amplitude. That is, in the one wave, 7", e”, a decrease of am- 
plitude takes place at a sacrifice of duration in time, while in 
the other wave, 2’, e’, a slower dying out of the wave with the 
time is produced at the expense of a decrease of amplitude 
during its propagation. 

It is seen herefrom, that the equations usually given for an 
oscillating circuit, which do not contain an exponential function 
of the distance, are not the most general equations, but corre- 
spond only to the special case of a free oscillation in which no 
energy transfer takes place, and so do not apply to the traveling 
wave or impulse, nor to the oscillation of а complex circuit. 

6. In the equations (29) and (30): 


дФ=2т 


gives the time of a complete cycle, that is, the period of the wave: 


2 
Tut 
q 
and: 
T 
= 27 
the frequency of the wave. 
ku-2m 


gives the distance of a complete cycle, that is, the wave length: 


(w —])t- land 
(wt+tft=l 
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gives the time: 


Г!’ = = апа 


pæd 


pfe. 
' + 


~" 


during which the wave decreases to 1/e = .3679 of its value, 
and 


һи = 1 
gives the distance: 
U, — 1/h 
over which the wave decreases to 1/e = .3679 of its value. 


That 15: 


q is the frequency constant of the wave: 

k is the wave length constant: 

(ш — f) and (w+ f )аге the time attenuation constants of the wave: 
h is the distance attenuation constant of the wave: 


7. If the frequency of the current and voltage is very high, 
thousands of cycles and more, as with traveling waves, lightning 
disturbances, high frequency oscillations, etc., 4 is a very large 
quantity compared with f, w, m, h, k, and k is a large quantity 
compared with й, and, by dropping terms of secondary order, 
the preceding equations can be simplified, and become: 


й=]\/ [1,6 E 
k=qVJ/LC 
and: 

L 

бу == C, = с 
; m L 38 
a! mete EVE = 0 ee 

Denoting: 

ин P 

E 

С = — 
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where а is the reciprocal of the frequency of propagation (vc- 
locity of light), it 1s: 


й = о] | 
(40) 
k = oq | 
с, = с, = с | 
(41) 
{шешу ee) 
4 J 


and, introducing the new independent: variable, as distance: 


А = он (42) 
it is: 
Ки = ЧА 
(43) 
ћи =} А 


hence, the wave length is given by: 


дА=2т 
as: 
25 
and since the period 1s: 
T = e 
° q 


it follows, that by the introduction of the denotation (42), 
distances are measured with the velocity of propagation as unit 
length, and wave length U and period T have the same 
numerical values. 

Substituting now in equations (29) and (30), gives: 


i = е" Y feH CD, [4 (#—4)] 2079р, [9 (t 4)] (1) 


+е71—-0р, [9 ((— A] -e€*^D, [а CHAN”) 


AE em! E jeHf075D, [q (1 — 2)]  &* +D, [а (4-3)] (e?) 
C (46) 


% 
| 


+е кор, [q (£ — 2] +D, [q EFA] (^) 
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where: 
D [а (#+2)] = C сова (144) +C’ sing (4 £4) (47) 


8. As seen from equations (45) and (46), thc waves are pro- 
ducts of €^** and a function of (£ — 4) for the main wave, (1+4) 
for the reflected wave: 


1+1; 


e "t (1—4) 


| 


(48) 
$5 f, = e" fa (t+ A) 


Hence, for constant (#— A) on the main waves, and for con- 
stant (#+4) on the reflected waves, it is: 


iti, = В ce | 
| (49) 


1,47, = В' е“ 


That is, during its passage along the circuit, the wave de- 
creases by the decrement є“, or at a constant rate, independent 
of frequency, wave length, etc., and depending merely on the 
circuit constants r, L, g, C. 

That is, the decrement of the traveling wave in the direction 
of its mótion 15 independent of the character of the wave, as its 
frequency, etc. | 

In other words, an impulse traveling along the circuit retains 
its wave shape, provided that r, L, g, C, are constant. 

If r and g increase with the frequency, as is often the case, 
the higher frequency waves die out faster, and the wave shape 
gradually smooths out in the direction of travel. 

The physical meaning of the two waves 2’ and e" can best be 
appreciated by observing the effect of the wave when traversing 
a fixed point А of the circuit. 

Consider as instance the main wave only; 2' = 1,+7,; the same 
applies for the reflected wave. 

Assuming then, that at time t=0, the current 1'=0, it is, 
for constant А: 


1 = р (ОЛИ = eg Ort hn) 


the amplitude of current J at point 4. 

As this is the difference of two exponential functions of dif- 
ferent decrement, it follows, that as function of time 1, I^ rises 
from 0 to a maximum and then decreases again to zero, as 
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shown in Fig. 1, and the actual current 2 is the oscillatory wave 
with J as envelope. 
The combination of the two waves thus represents the passage 


tm = 


АЛЕК dE 
Ren 
LET 


ш 

> 

« 

> 

о 

z 

ч 

ш 

> 

« 

c 

|- 

c 

| 

о 

ш 

~ 

Ш +— -t-t 
ц. 

О i 
ш - * t=- 
o 

2 

F x е 
a 

а | 

> - ur o 


of a wave across a given point, the amplitude rising during the 
arrival, and decreasing again after the passage of the wave. 
9. If h and also f equal zero, 2’, e’, and 2”, e”, coincide in 
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equations (45) and (46), and the equations (45) (46) assume the 
form: 


; = cU УВ, сова (t—2) - B,'sinq(t—2)] —[B, cos q (+à) + 
В,’ sinq (t 4)]J (50) 


^ 
| 


NE: Е" УВ, cos gq (t—2) - B,' sin q (# — А] - [B, cos g 
(¢+A) - B,' sin а (t -4)]J (51) 


These equations contain the distance А onlv in the trigono- 
metric, but not in the exponential function, that is, ? and e 
vary in phase throughout the circuit, but not in amplitude, or 
in other words, the oscillation 1$ of uniform intensity throughout 
the circuit, dying out uniformly with the time, from an initial 
maximum value, but the wave does not travel along the circuit, 
but is a stationary or standing wave. It is an oscillatory dis- 
charge of a circuit containing a distributed т, L, g, C, and so 
analogous to the oscillating condenser discharge through an 
inductive circuit, except that, due to the distributed capacity, 
the phase changes along the circuit. The free oscillations of a 
uniform circuit, as a transmission linc, are of this character. 

For 4 = 0, that 1s, assuming the wave length of the oscilla- 
tion is so great, hence the circuit as such a small fraction of the 
wave length, that the phase of Р and e can be assumed as uniform 


throughout the circuit, the equations (50) and (51) assume the 
form: 


t = 27“! [B,cosqt— В.’ sin qt] 


є = ee (B,cosgt+B,’ sing (| 
and these are the usual equations of the condenser discharge 
through an inductive circuit, which here appear as a special 
case of a special case of the general circuit equations. 

If 4 equals zero, the functions D in equations (45) and (46) 
become constant, and these equations assume the form: 


==" SUC, eth + С, e71072] — [C, et ha +C, ЕКО 


TCU EC, eem eC, efe] [С etae Clea] 


^ 
| 
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This gives expressions of current and voltagc, which are not 
oscillatory any more, but exponential, representing a gradual 
change of 1 and e as functions of time and distance, corresponding 
to the gradual or logarithmic condenser discharge. For А = 0, 
these equations change to the equations of the logarithmic con- 
denser discharge. 

These equations are only approximate however, since in them 
the quantities f, w, h, have been neglected compared with q, 
assuming the latter as very large, while now it is assumed as 
Zero. 

It thus follows: 

If the constant h in equations (29) and (30) differs from zero, 
the oscillation (using the term oscillation here in the most gen- 
eral sense, that is, including also alternation, as an oscillation 
of zero attenuation) travels along the circuit; but it becomes 
stationary, as standing wave, for = 0. "That is: 

The distance attenuation constant h may also be called the 
propagation constant of the wave. 

А = 0 thus represents а wave which does not propagate or'move 
along the circuit, but stands still, that is, a stationary or stand- 
ing wave. 


III. STANDING Waves. 


10. If the propagation constant of the wave vanishes: 
й =0 


the wave becomes a stationary ог standing wave, and the equa- 
tions of the standing wave so are derived from the general 
equations, by substituting thereon: й = 0. 


This gives: 
R? = У ГС т? 
hence, if: 
k > L Ста: RZ = ?—1,С тй, 
and, if: 


ја < L Cm: R} = Ы Ст 


Two different cases exist, depending upon the relative 
values of k? and L C та, and in addition thereto the intermediary 
or critical case, in which k? = LC w. | 
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These three cases require separate consideration. 
2 
Lamb су (6-1 


is a circuit constant, while k is the wave length constant, that 
is, the higher Ё, the shorter is the wave length. 


A. Short Waves: 


k > Ст? 

hence: 

R; = k- LC m 
and, " 

} = 0 
апа approximately, 
k 
1= Уго 


Substituting in equations (29), (30), the two waves 1’, e’, 
and $”, e", coincide, and all the exponential terms reduce to s^ *', 
and rearranged, give, 


e" ЦВ, cos (qt — ku) + B,’ sin (qt — kw)| — [B,cos (qt + ku) + 
В.’ sin (qt - ku)]] (52) 


| 


; 


= J e^"! ([B, cos (qt — ku) + B,’ sin (qt—ku)]+[B, cos (а! + 
ku) + В,' sin (qt + ku)]] (53) 


e 
| 


These equations represent а stationary electrical oscillation 
or standing wave 1n the circuit. 
B. Long Waves: 


kè < LC т? 
hence: 


Кр = Ст 


+ ж 
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and: " 
р? 

= 2 — op 

i \ ее 


9 = 0 


ог approximately Ffor very[small values оѓ: 


Substituting now into (29) and (30), the two waves 7/, e’, 
and 2”, e”, remain separate, having different exponential terms, 
= (07D! and = (+h! but in each of the two waves, the main 
wave and the reflected wave coincide, due to the vanishing of q. 


1 = Е (В, etl + Boel) cos ku — (В, et! +B,’ ЕП) sin Ки] 
(54) 
ae [Gm f) В,’ etl! + (m—f) B,’ г“!'] cos Ки + [(т 4- f) 


e 
| 


B, etl! + (m — f) B, 719] sin ku} 
= = є" {тт [((В,' et! + В,' г“1) cos ku + (Bet! + Bie) sin 
ku] +} (В, 'e* !! B,'e!*)cos Ки + (B,e +В, Пят Ки] 


These equations represent a gradual or exponential circuit dis- 
charge. "The distribution is a trigonometric function of the dis- 
tance, that is, a wave distribution, but dies out gradually in 
time, or without oscillation. 

C. Critical Case: 


k= „Сю? 
This gives: 


4 = 7°“! (B cos ku — B’ sin ku] 
= L —wi d 1 
€ = NT {В' cos ku + B sin kit} 


In the critical case, the wave is distributed as trigono- 
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metric function of the distance, but dies out as simple expo- 
nential function of the time. 

1l. An electrical standing wave can have two different 
forms: it can be either oscillatory in time, or exponential in 
time, that is, gradually changing. It is interesting to investi- 
gate the conditions under which these two different cases occur. 

The transition from gradual to oscillatory, takes place at: 


к = т? ГС 


for larger values of k, the phenomenon is oscillatory ; for smaller, 
exponential or gradual: 

As k 1s the wave length constant, the wave length, at which 
the phenomenon ceases to be oscillatory in time, and becomes 
a gradual dying out, is given by: 


In an undamped wave, that is, in a circuit of zero r and 
zero g, in which no energy losses occur, the velocity of propaga- 
tion is: 


Е 
k МС 

and is the velocity of light: 
v, = 3X10” 


if the medium has unit permeability and unit inductivity. 
In an undamped circuit, this wave length U, would correspond 
to the frequency: 


hence: 
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The frequency, àt the wave length U,, is however, zero, as 
at this wave length the phenomenon ceases to be oscillatory. 
That is: 

Due to the energy losses in the circuit, by the effective re- 
sistance г and effective conductance g, the frequency № of the 
wave is reduced below the value corresponding to the wave 
length U, the more, the greater the wave length, until at the 
wave length U, the frequency becomes zero, and the phenom- 
enon thereby non-oscillatory. This means, with increasing 
wave length, the velocity of propagation of the phenomenon de- 
creases, and becomes zero at wave length U,. 


If m LC = 0, Е, = 0, апа О, = о, 
that 15, the standing wave 1$ always oscillatory. 
If em? L C = o, Ё, = œ, and 0, = 0, 


that is, the standing wave is always non-oscillatory, or gradually 
dying out. 
In the former case: 


m? L C = 0, or oscillatory phenomenon, 


it is, substituting for m? and expanding: 


Ë 
“С 


— 
— 


LS 
[4 
ог: 
rC—gL-20 
In the latter case: 


m LC = œ, or non-oscillatory or exponential standing wave, 
it is either: 
L = 0, от C = 0. 
That is: 


The standing wave in a circuit is always oscillatory, regardless 
of its wave length, if 


= -— 


r 

g С 
that is, the ratio of the energy coefficients equals the ratio of 
the reactive coefficients of the circuit. 
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The standing wave can never be oscillatory, but is always 
exponential, or gradually dying out, if either the inductance L, 
or the capacity C, vanish, that 1$, the circuit contains no ca- 
pacity or contains no inductance. In all other cases, the 
standing wave 15 oscillatory for waves longer than the critical 
value U, — ET where 


К. 


2 


Ба = тС = } TERRE] (56) 


and is exponential or gradual, for standing waves shorter than 
the critical wave length U,. Or, for k >k,, the standing wave 
is exponential; for k < k,, it is oscillatory. 

The term k, = m /T, C takes a similar part in the theory 


of standing waves as the term: 7,2 —4L, С, in the condenser 
discharge through an inductive circuit, that is, it separates the 
exponential or gradual, from trigonometric or oscillatory con- 
ditions. 

The difference is, that the condenser discharge through an 
inductive circuit 1s gradual, or oscillatory, depending on the 
circuit constants, while in a general circuit, with the same 
circuit constants, in general gradual as well as oscillatory 
standing waves exist, the former at greater wave length, or 


mVLC >k, 
the latter for shorter wave length, or 
тут C <k, 


An idea of the quantity k, and so the wave length U,, at 
which the frequency of the standing wave becomes zero, or the 
wave non-oscillatory, and of the frequency N, which in an un- 
damped circuit will correspond to this critical wave length N,» 
can best be derived by considering some representative nu- 
merical instance. 


1. High Power High Potential Overhead Transmission Line. 


12. Assuming power to be transmitted 120 miles, at 40,000 
volts between line and ground, by a three-phase system with 
grounded neutral, over a line consisting of copper conductors, 
wire No. 00 B. & S. gauge with 5 feet between conductors. 
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Choosing as unit length the mile, it is, approximately, 
r 41 sim 

L = 195х 10731 

g = .25X10^* mho 


С = .0162х 107% f. 
Herefrom then follows: 

ш = 113 

т = 97 

а = Ур C = 562х107 

k, =mLC = 545 х 107% 


hence, the critical wave length: 


2л 


Иа 


= 11,500 miles 


and, іп an undamped circuit, this wave length would correspond 
to the frequency of oscillation: 


N= 5 = 15.7 cycles per second. 


Since the shortest wave at which the phenomenon ceases to 
be oscillatory, is 11,500 miles in length, and the longest wave, 
which can originate in the circuit, is 4 times the length of the 
circuit, or 480 miles, it follows that whatever waves may orig- 
imate in this circuit, are by necessity oscillatory, and non-os- 
cillatory currents or voltages can exist in this circuit only 
when impressed upon it by some outside source, and then are 
of such great wave length, that the circuit 15 only an insignificant 
fraction of the wave, and great differences of voltage and cur- 
rent of non-oscillatory nature cannot exist. 

Since the difference in length, between the shortest non- 
oscillatory wave, and the longest wave which can originate in 
the circuit, is so very great, it follows, that in high potential 
long distance transmission circuits, all phenomena which may 
result in considerable potential differences and differences of 
current throughout the circuit, are oscillatory in nature. 
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With a length of circuit of 120 miles, the longest standing 
wave, which can originate in the circuit, has the wave length: 


U — 480 miles. 
and herefrom follows: 
2х 
k = D .0134 
k 
== -—- __-- == 2380 
ЕС 


HM; бы 
№ = Da 380 cycles. 


Hence, even for the longest standing wave, which may orig- 
inate in this transmission line, and still more so for shorter 
waves, the overtones of the fundamental wave, the approxi- 
mations in paragraph 7 are justified, and it thus is: 


General Equations of Standing Waves in Long Distance Power 
Transmission Lines: 


a= Уе" |[В, cos (qt — ku) +B,’ sin (qt — ku)] -[B, COS (qt + ku) 


+B,’ sin (qt + ku)]] (57) 
€ = AE Ус Б, cos (qt — ku) + B,’ sin (qt — ku)] - [B, cos 
(91 + ku) +B,’ sin (qt + ku)]J (58) 

Or: 
€ = e =! [[А, cos (qt + ku) +4,’ sin (qt + ku)] + [A, cos (qt — ku) 


+A,’ sin (qt — ku)]] (59) 


$ = МО је |[А, cos (4: Ки) +A,’ sin (qt + ku)] — [A, cos 


(qt — Ки) + A,’ sin (qt — ku)]] (60) 
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Т, 
4 -- JEn, 


[NT 
А,' - АВ, 
etc. 


2. High Potential Underground Power Cable. 


13. Assuming, per mile of single conductor: 


where: 


т = .41 ohms. 
L = .4X107h. 


g = 1х107 mho, corresponding to a power factor of the 
cable charging current, at 25 cycles, of 1 per cent. 


С = .6X10^* f. 


Herefrom then follows: 


w = 513 
т = 512 
а = ГС = 15.5XxX 10% 


k, = тур С = 7.95x107 


and, critical wave length: 
U, = 790 miles, 
and, frequency of an undamped oscillation, corresponding to U,: 


N, = 81.5 cycles. 


As seen, in an underground high potential cable, the critical 
wave length is very much shorter than in the overhead long 
distance transmission line. At the same time, however, the 
length of an underground cable circuit is very much shorter 
than that of a long distance transmission line, so that the crit- 
ical wave length still is very large compared with the greatest 
wave length of an oscillation onginating in the cable; about 10 
times as great. 

That is, the discussion of the possible phenomena in any 
overhead line applies also to the underground high potential 
cable circuit. 
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3. Submarine Telegraph Cable. 


Choosing the values: 
Length of cable, 4000 miles. 
Constants per mile of conductor: 


= 3 ohms 

= 1x10?A 

= 1х 107% mho 
.1х 105% 


хм м 3 


һепсе: 


1500 

= 1500 | 
LC = 10x10" 

> = тј С = 15X107 


= GE S 
| 


a 
| 


апа: | 
418 miles 


S 
| 


thus: 
N, = 477 cycles. 


That is, in a submarine cable, the critical wave length U, 15 
relatively short, so that in long submarine cables, standing 
waves may appear, which are not oscillatory in time, but die 
out gradually. In such cables, due to their relative high re- 
sistance, the damping effect is very great, w = 1500, and 
standing waves rapidly die out. 

In the investigation of the submarine cable, the complete 
equations must therefore be used, and q cannot always be as- 
sumed as large compared with m and w, except when dealing 
with local oscillations. 


4. Long Distance Overhead Telephone Circuit. 


14. Considering a telephone circuit of 1000 mules length, 
metallic return, consisting of two wires No. 4 В. & 5. gauge, 
24 in. distant from each other. 

Per mile of conductor: 


= 1.31 ohms 
= 1.84х 103й 
С = .0172х 10%} 


з 
| 


M 
| 
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as conductance g we may assume: 
(а) Е = 0, that is, very perfect insulation, as in dry weather. 
(b) q= 2.5X 10%, that is, slightly leaky lines. 
(с) g = 12X10, that is, poor insulation, or a leaky line. 


(d) g = 40X10^*, that is, extremely poor insulation, as during 
heavy rain. у 

The condition may also be investigated where the line is 
loaded with inductance coils, spaced so close together, that in 
their effect we can consider this additional inductance as uni- 
formly distributed. Let the total inductance, per unit length, 
be increased by the loading coils to: 


L, = 9x10? А 


or about 5 times the normal value. 
Denoting then the constants of the loaded line by the index 1, 
it 15: 


(a) (b) (c) (d) 


w = = 356 429 706 1518 

vw, = = 73 146 423 1236 

m = = 356 283 6 -806 

m = = 73 0 -277 -1090 

с | —VLC = 503x109 

а =VL,C = 12.45 х 107% 

Е, =mMV/LC = 2х 1073 1.0x 1073 33.7 X 1079 4.56 х 1073 
Ка "VLC 91x 107° О 345x107? 13.5x 1073 
и, = = 3140 3920 187,000 1380 

Шы = = 69,000 oo 1820 464 
М, = =: 55.6 45 .96 128 

N, = = 11.6 0 44 173 


Hence, in a long distance telephone line, distributed leakage 
up to a certain amount, increases the critical wave length, and 
so makes even the long wave oscillatory. Beyond this amount, 
leakage again decreases the wave length. Distributed induct- 
ance, as by loading the line, increases the critical wave length, 
if the leakage is small, but in a badly leaky line, it decreases the 
critical wave length, and the amount of leakage, up to which 
an increase of the critical wave length occurs, 15 less, in a loaded 
line, that is, in a line of higher inductance. 
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In other words, a moderate amount of distributed leakage 
improves a long distance telephone line, an excessive amount of 
leakage spoils it. An increase of inductance, by loading the 
line, improves the line, if the leakage 1s small, but spoils the 
line, if the leakage is considerable. The amount of leakage up 
to which improvement in the telephone line occurs, is less in a 
loaded than in an unloaded line, that is, a loaded telephone 
line requires a far better insulation than an unloaded line. 


IV. TRAVELING WAVES. 


15. As seen, especially in electric power circuits, overhead 
or underground, the longest existing standing wave has a wave 
length which is so small compared with the critical wave length 
—where the frequency becomes zero—that the effect of the 
damping constant on frequency and wave length is negligible. 
The same obviously applies also to traveling waves, generally 
to a greater extent still, since traveling waves commonly are of 
wave lengths, which are only a small part of the length of the 
circuit. Usually therefore in the discussion of traveling waves, 
the effect of the damping constants on the frequency constant q 
and the wave length constant k can be neglected, that is, fre- 
quency and wave length assumed as independent of the energy 
loss in the circuit, and the equations (45) and (46) applied in 
dealing with the traveling wave. 

In these equations, the distance traveled by the wave per 
second, is used as unit length, by the substitution: 


А = ови 
where: 
= № Г, C 


as this brings ¢ and А into direct comparison, and eliminates Л 
and k from the equations, by the equation (43). 
This gives, under the limiting conditions discussed before, the 


General Equations of the Traveling Wave: 
t= gU (+1070 [B, cosq (t— 2) +B,’ sing (t—2)] — e*!0*? [B, cos 
q (t - 2) + B,'sinq(t--2]* eC? [B, сова (t—2) + B," 


sin q (t—4)]—«7/€**2 [B сова (t 4) - B,' sinq (t4- 4)]] 
(61) 
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e"! (ЕТ [B, сова (t — 2) +B,’ sing (t— А)] tetra 


[B,cosq(t-- 4) +В.’ sn q(t - ] +фе ЗВ, cos g(t — 4) 
+B,’ sin а (t—2)]4e7/C0*» [B, сова (t+4) +B,’ sinq 
(+4) (62) 

ог: 
= gu {ЕО [A cosq(t—2) + A,'sinq (#— 4)] ф e*'0*»[.4, cos 
q (t - 42) - ÀA,'sinq(t-2)] +100 [dA сова (t —2) + Ay’ 


sing (t—A)] te Et [А cosg (t - A) +4,’ sing (tt 4)]l 
(63) 


% 
| 


t = JE [e*t/07» [4, cos q(t — 2 - A," sing (t— 4)] — steta 


[A, cos а (1+4) +4,’ sin а 1+4] t e7/079 [А, cos q 
(t—4) - A,'sinq(t—24)] —e"'*7»[A,cosq (t- 2) +A,’ 
sin q (t4- 4)]] (64) 


where: 


"T EM 
up Ton 3 (65) 


In these equations the values А, B, are integration constants, 
which are determined by the terminal conditions of the problem. 

The terms with (¢— 4) may be considered as the main wave, 
the terms with (14-4) as the reflected wave, or inversely, de- 
pending on the direction of propagation of the wave. 

16. As the traveling wave consists of a main wave, with 
variable (t — 4), and a reflected wave of the same character, but 
moving in opposite direction, thus with the variable (+3), 
these waves may be studied separatelv, and afterwards the 
effect of their combination investigated. 

Thus, considering at first one of the waves only, that with 
the variable (1 — 4), it is, from equations (63) to (64): 


e = gt (ЕН) [A cosg (1— А) +A, sinq (1—4)] +e 7 


[4, соѕ 9 (t —4) ФА, sing (t—A)]} 
(66) 


е9 (A, E072 + A, e71072) сова (£— 2) + (A, 21070 4 A," 
g- 1072) sin 9 (@— 4)] 


1152 STEINMETZ: ELECTRIC (June 29 
and: 
LT 
4 = \ а е 


That 15, in a single traveling wave, current and voltage .аге 
in phase with each other, and proportional to each other, with 
an effective impedance: 


ES e d 
$ NC 


This proportionality between e and 1, and coincidence of phase, 
obviously does not exist any more in the combination of main 
waves and reflected waves, since in reflection, the current re- 
verses with the reversal of the direction of propagation, while 
the voltage remains in the same direction. 

In equation (66), the time ¢ appears only in the term (1— 4), 
except in the factor e~*', while the distance А appears only in 
the term (1 — A). Substituting therefore: 


hence: 
t= 044 


that 1$, counting the time differently at any point 4, and count- 
ing it at every point of the circuit from the same point in the 
phase of the wave, from which the time # 1s counted at the 
starting point of the wave, А = 0, or, 1n other words, shifting 
the starting point of the counting of time, with the distance 4, 
it is, substituted in (66): 


| 


е = €"! {+ (4, cos qU M, sing) +=? (A,cos а J 


T4,snqÀ)] 
m Tiew? fetio (А  созад +A,’ sinqi?) +=? (A,cosg 


(67) 
#+ A, sin д 9)) 


| 


Е e914, etf? + А, =) созад +(А,' 279 +А,' 


=— 9) sing 9) } 
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The latter form of the equation is best suited to represent the 
variation of the wave, at a fixed point 4 in space, as function 
of the local time 9. 

The wave is the product of a term: в =" which decreases 
with increasing distance 4, and a term: 


e, =e *? (+ (А, cosq 9 - A, sinq д) += (А, сода 9 +A,’ 


sin q 2)! 
(68) 
=67 9| (A et + А, 670) сода Ф + (А, '=+9+А,' c7") апа 9) | 


which latter term is independent of the distance, but merely 
a function of the time 9, when counting the time at any point 
of the line from the moment of the passage of the same phase 
of the wave. 

Since the coefficient in the exponent of the distance decre- 
ment e ^*^, contains only the circuit constants: 


w = $ (2+5) 


but does not contain f and а, ог the other integration constants. 

It follows herefrom: 

The attenuation constant of a traveling wave, and therefore 
the distance decrement of the wave depends upon the circuit 
constants r, L, g, C, onlv, but does not depend upon the wave 
length, frequency, voltage or current; hence all traveling waves 
in the same circuit die out at the same rate, regardless of their 
frequency and of their wave shape, orin other words, a com- 
plex traveling wave retains its wave shape, when traversing a 
circuit, and merely decreases in amplitude by the distance decre- 
ment е "4, 

· The wave attenuation 1$ а constant of the circuit. 

This obviously applies only for waves of constant velocity, 
that is, such waves in which q is large compared with f, w, and 
т, and does not strictly apply to extremely long waves, as 
discussed in 13. 

17. By changing the line constants, as by inserting inductance 
in such a manner as to give the effect of uniform distribution 
(loading the line), the attenuation of the wave can be re- 
duced, that is, the wave caused to travel a greater distance и 
with the same decrease of amplitude. 
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As function of the inductance L, the attenuation constant 
is a minimum for: | 


d w, 

ux 
hence: 

"С— 21. = 0 

ог: 

Lor 

С g 
and, if the conductance: 

g=0 

it 15: 

L = © 


Hence, in a perfectly insulated circuit, or circuit having по 
energy losses depending on the voltage, the attenuation de- 
creases with increase of the inductance, that is, by ''loading 
the line ", and the more inductance is inserted, the better the 
telephonic transmission 1s. 

In a leaky telephone line, increase of inductance decreases 
the attenuation, and so improves the telephonic transmission, 
up to the value of inductance, 


ae 
& 


1, = 


and beyond this value, inductance is harmful, by again increasing 
the attenuation. 
For instance, if in a long distance telephone circuit per mile: 


r — 1.31 ohms 

L = 1.84X103h 

в = 1.0x10^* mho 
C = 0.0172х 10-8 } 


the attenuation of a traveling wave or impulse 15: 


w, = 0.00217 
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hence, for a distance or length of line of / = 2000 miles: 
є Чо z (CUM 


= 0.0129 


that is, the wave is reduced to 1.29 per cent. of its onginal value. 
The best value of inductance is, by 


L ae = 0.0225 h 


and in this case, the attenuation constant becomes: 


w, = 0.00114 
and thus: 
g^ Mol = “2:24 


= 0.1055 


or 10.55 per cent of the original value of the wave. 
In this telephone circuit, by adding per mile an additional 
inductance of: 


22.5 — 1.84 = 20.7 mh. 


the intensity of the arriving wave is increased from 1.29 per cent. 
to 10.55 per cent. or more than 8 times. 
If however, in wet weather, the leakage increases to the value: 


g = 5x107° 


in the unloaded line, it is: 


e 
| 


„ = 0.00232 
eH = 0.0035 


while in the loaded line, it 1s: 
w, = 0.00341 
с“ Уо! = 0.0011 


and while with the unloaded line, the arriving wave 15 still 
0.35 per cent. of the outgoing wave, in the loaded line, it is only 
0.11 per cent.; that is, in this case, loading the hne with in- 
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ductance has badly spoiled telephonic .communication and in- 
creased the decay of the wave more than three-fold. А loaded 
telephone line is much more sensitive to changes of leakage р, 
that is, to meteorological conditions. 

18. The equation of the traveling wave (67): 


e = Tiew [etið (А, соѕ99+А, sinqO) e? (А, созад 
+A,’ sinq 9)] (67) 


can be reduced to the form: 


e = eM {E e" (є+1д1 — e7101) sing 3, +E, e792 (є+192 — 


e192) cos q 9, | | (69) 
where: 
9, = 8 + 7,= А 7, 
9, = +у, = +-—-14— ү, 


Any traveling wavé can be resolved into, and considered as 
consisting of, a combination of 2 waves: the 


Traveling Sine Wave: 

e, = E е7“ Tw (+191 — e7191) sin q à, (70) 
Traveling Cosine Wave: 

e, = Е.Е “16 #92 (є+1д2 — e102) сова 9, (71) 


Since q is a large quantity compared with w and f, the two 
component traveling waves, (70) and (71), differ appreciably 
from each other in appearance only for very small values of у, 
that is, near 9, = 0 and J, = 0. The traveling sine wave 
rises in the first half cycle very shghtly, while the traveling 
cosine wave rises rapidly, t.e., the tangent of the angle which 


the wave makes with the horizontal, or 5 equals 0 with the 
sine wave, and has a definite value with the cosine wave. 

All traveling waves in an electric circuit can be resolved into 
constituent elements, traveling sine waves and traveling cosine 
waves, and the general traveling wave consists of four com- 
ponent waves, a sine wave, its reflected wave, a cosine wave, 
and its reflected wave. | 


^ 
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The elements of the traveling wave, the traveling sine wave 
€,, and the traveling cosine wave e,, contain 4 constants: 

The intensity constant: E 

The attenuation constant: w respectively w, 

The frequency constant: q 

And the constant: f 

The wave starts from zero, builds up to a maximum, and then 
graduallv dies out, to zero at infinite time. 

The absolute term of the wave, that is, the term which rep- 
resents the values between which the wave oscillates, 1s: 


€, = ЕЕ 71, vo (+19 — в) (72) 


This term e, may be called the amplitude of the wave. The 
amplitude e, is a maximum for the value of J, given by: 


е (78) 


and, substituting this value into the equation of the absolute 
term of the wave, (72), gives: 


sque ^f. ия 
Са > == ~ (25 


The rate of building up of the wave, or the steepness of the 
wave front, 15 given by: 


| | 
de 
G = i 0 
: 9 о-о 
EIE 


It is a maximum, that 15, J, a minimum, for the value of f, 
in equation (73), given by: 


Or. 
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or the standing wave, which rises infinitely fast, that is, appears 
instantly. 

The smaller therefore f is, the more rapidly is the rise of the 
traveling wave, and f may be called the acceleration constant of 
the traveling wave. 

9 is the time counted from the beginning of the wave. 

Since: 


#=1—А—] 


if we change the zero point of the distance, that is, count the 
distance А from that point of the line, at which the wave starts 
at time t = 0, or in other words, count time і and distance A 
from the origin of the wave, it 15: 


0 = 1— у 


and the traveling wave so may Бе represented Бу: 
The amplitude: 


e, = Eg (ctio — =) 


The sine wave: 


) 
€, = Ecc" (ett? — =) sing J = e sinq Ò t (74) 
| 
The cosine wave: | 

] 


€, = Ee (et?) — 2719) cosqd = e, cos q 9 


and 9 = t— А can be considered as the distance, counting back- 
wards from the wave front, or the distance counted with the 
point 4, which the wave has just reached, as zero point, and in 
opposite direction to 1, ог as the time, counting from the mo- 
ment of the arnval of the wave front. 

Equation (74) represents the distribution of the wave along 
the line, at the moment 1, or the variation of the wave with the 
time, at a point А. 

As seen, the wave maintains its shape, but progresses along 
the line, and at the same time dies out, by the time decrement 
ewe, 

19. As an instance may be considered a traveling wave of the 
constants: 


w= 115 
ј = 45 
q = 2620 
Е = 100 
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һепсе: 


~ 
| 


100 g 113! (cte RE p em) 


|| 


100 g 1154 (s 709 EN 271990) 
where: 
д = #—А 


In Fig. 2 is shown the amplitude e, as function of the dis- 
tance 4, for the different values of time: 


t = 2,4, 8, 12, 16, 20, 24 and 32X 10 3 


with the maximum amplitude €m, in dotted line, as envelope of 
the curves of e,. 

As seen, the amplitude of the wave gradually rises, and at 
the same time spreads over the line, reaching the maximum at 
the starting point А = 0 at the time t, = 9.2Х 1073 sec., and 
then decreases again while continuing to spread over the line, 
until it gradually dies out. 

It is interesting to note that the distribution curves of the 
amplitude are nearly straight lines, but also, that even in the | 
longest power transmission line the wave has reached the end 
of the line, and reflection occurs, before the maximum of the 
wave is reached: the unit of length А 15 the distance traveled 
by the wave per second, or 188,000 miles, and during the rise 
of the wave, at the origin, from its start to the maximum, or 
9.2x 10-3 sec., the wave has traveled 1760 miles, thus the re- 
flected wave would have returned to the origin before the max- 
imum of the wave is reached, if the circuit 15 shorter than SNO 
miles. 

Fig. З shows the passage of the traveling wave: e, = e, sing ô, 
across a point A of the line, with the local time 9 as abscissas, 
and the instantaneous values of e, as ordinates. The values 
are given for А = 0, where 9 = 1; for any other point of the 
line, 4, the wave shape is the same, but all the ordinates reduced 
by the factor 27154, in the proportion as shown in the dotted 
curve in Fig. 2. 

Fig. 4 shows the beginning of the passage of the traveling 
wave across a point 4=0 of the line, that 1$, the starting of a 
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wave, or its first one and one-half cycles, for the trigonometric 
functions differing successively by 45 degrees, that is, 


е, =e sing J 
€, +e, ( 3 
= = £,sin д +— 
V2 UE" 
€, = e, с0549 = e, sin «9 + (5) 
fa е cos 49+) = е, sin 9+2) 
МЭ У 4 Ай 4 


the first curve of Fig. 4 so is the beginning of Fig. 3. 

In waves traveling over a water surface, shapes like Fig. 4 
can be observed. . 

For the purpose of illustration, however, in Figs. 3 and 4 
the oscillations are shown far longer than usually occur: the 
value: 4 = 2620, corresponds to a frequency: № = 418 cycles, 
while traveling waves are more common of frequencies from 
100 to 10,000 times as high. 

20. А specially interesting traveling wave is the wave т 
which: 


j=w 


since in this wave the time decrement of the first main wave 
and its reflected wave vanishes: 


g Gr- Dt = Q 


that is, the first main wave and its reflected wave are not tran- 
sient, but permanent, that is, alternating waves, and the equa- 
tions of the first main wave give the equation of the alternating- 
current circuit with distributed r, L, g, C, which appears as 
a special case of a traveling wave. | 

Since ап this case, the frequency, and so the value of q is 
low,and comparable with w and f,the approximations made in 
the previous discussion of the traveling wave are not permis- 
sible, but the general equations have to be used. 

Substituting therefore in (29) and (30): 


ј = шю 
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gives: 


4 = [+ ** (C, cos (а! — ku) +C,’ sin (qt — ku)} — e*** (C, cos 
(qt - ku) -C4' sin (gt+ku)}] — >"! [e7** (C, cos 
(а! + Ки) +C,’ sin (qt + Ки) | — e*^" (С, cos (gt — Ки) + 
C,’ sin (а! — Ри) |] (75) 


апа: 


е = [; +“ {(c,’ C," — c, C,) cos (qt — ku) — (c С, +e, C,") sin 
(qt — ku)] t e*** (с, C,' — с, C4) cos (qt + bu) — 
(c,' С, c, Са") sin (9+ Ки) |] + e ?** [e ((e,' С, — 
с, С,) cos (qt + ku) — (с, C, c, С,') sin (qt + Ки)| + 
eth» f(c, C,' — с, C4) cos (qt — ku) — (c,’ С, + c4 Cy’) 
sin (qt — Ки) |] (76) 


In these equations of current + and voltage e, the first term 
represents the usual equations of the distribution of alternating 
current and voltage in a long distance transmission line, and 
can by the substitution of complex quantities be reduced to the 
form usually given. 

The second term is a transient term of the same frequency. 
That is: 

In a long distance transmission line or other circuits of dis- 
tributed r, L, g, C, when traversed by alternating current under 
an alternating impressed voltage, at a change of circuit condi- 
tions a transient term of fundamental frequency тау appear, 


which has the time decrement, that is, dies out at the rate: 
® 


62! = (2+2) 


It is interesting to note, that here the general equations of 
alternating-current long distance transmission appear as a 
special case of the equation of the traveling wave, and indeed 
can be considered as a section of a traveling wave, in which the 
acceleration constant f equals the exponential decrement w, 
and the attenuating constant х of the usual transmission line 
equation is the constant h; the wave length constant ĝ is the 
constant k. 
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V. FREE OSCILLATIONS. 


21. The general equations of the electric circuit (29) and (30), 
contain 8 terms: 4 waves, 2 main waves and their reflected 
waves, and each wave consists of a sine term and a cosine term. 


The equations contain 5 constants: 
The frequency constant q 
The wave length constant k 
The time attenuation constant w 
The distance attenuation constant k 
The time acceleration constant f 


of which the time attenuation w is a constant of the circuit, 
independent of the character of the wave. 

By the value of the acceleration constant f, waves may be 
subdivided into: 


f = 0: standing waves, 
w>f>O0: traveling waves, 


} = w: alternating, current and voltage waves. 


The general equations contain 8 integration constants C and 
C’, which have to be determined by the terminal conditions of 
the problem. 

Upon the values of these integration constants C and С’ 
largely depends the difference between the phenomena occurring 
in electric circuits, as those due to direct currents or pulsating 
currents, alternating currents, oscillating currents, inductive 
discharges, etc., and the study of the terminal conditions is of 
the foremost importance. 

Free oscillations are understood as the transient phenomena 
occurring in an electric circuit or part of the circuit, to which 
neither electric energy is supplied by some outside source, nor 
electric energy abstracted therefrom. 

Free oscillations thus are the transicnt phenomena resulting 
from the dissipation of the energy stored in the electric field of 
the circuit, or inversely, the accumulation of the energy of the 
electric field, and their appearance so presupposes the possibility 
_of energy storage in more than one form, so as to allow an 
interchange or surge of energy between its different forms, 
electromagnetic and electrostatic energy. Free oscillations 
occur only in circuits containing capacity C as well as induct- 
ance L. 
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The absence of energy supply or obstruction so defines the 
free oscillations by the conditions, that the power р = e: at 
the two ends of the circuit or section of the circuit must be zero 
at all times, ог the circuit must be closed upon itself. 

With a circuit of uniformly distributed constants, the latter 
case is not realized, but 1s of foremost importance in a complex 
circuit, that is, a circuit comprising sections of different constants. 

Representing then the two ends of the electric circuit by 
и = 0 and и = 1, that is, counting the distance from one end 
of the circuit, the condition of a free oscillation is: 


и = 0: Р = 0: 
и = |: Р = 0. 
since p = ет, this means that at и = 0 and и = /, cither 


€ ог + must be zero. 
This gives 4 sets of terminal conditions: 


1. е=0а и = 0; 1 = Џађи = / 
.2.+ = 0 аи = 0; е = О аи = ;. 
3. ё= О аён = 0; е = О аи = І 
4. + = О аи = 0; г = О аи = І 


Сазе 2 represents the same condition as 1, merely with the 
distance и counting from the other end of the circuit: a line 
open at one end, grounded at the other end. Case 3 represents 
a circuit open at both ends, and Case 4 a circuit grounded at 
both ends. 

Substituting these terminal conditions into the general equa- 
tions it follows: 

ћ = 0 


that is, the free oscillation of a circuit is a standing wave. 
And also: 
(2n+1) zx 


kl = 5 


\ 


(77) 


if e = 0 at one, 1 = 0 at the other end of the circuit, and 
Еі = пил (78) 


if either e = 0 at both ends of the circuit, ог? = 0 at both ends 
of the circuit. 
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From (77) it follows, that 


Л 
ki 


or an odd multiple thereof. "That is, the longest wave which 
can exist in the circuit, is that which makes the circuit a quarter 
wavelength. Besides this fundamental wave,allits odd mul- 
tiples can exist. Such an oscillation may be called a quarter 
wave oscillation. 

The oscillation of a circuit, which 1s open at onc end, grounded 
at the other end, is a quarter wave oscillation, which can con- 
tain only the odd harmonics of the fundamental wave of oscilla- 
tion. 

From (78) it follows, that 


or a multiple thereof. That is, the longest wave, which can 
exist in such a circuit, is that wave, which makes the circuit 
а half wave length. Besides this fundamental wave, all its 
multiples, odd as well as even, can exist. Such an oscillation 
may be called a half wave oscillation. 

The oscillations of a circuit which is open at both ends, or 
grounded at both ends, is a half wave oscillation, and а half 
wave oscillation can also contain the even harmonics of the 
fundamental wave of oscillation, and so also the constant term, 
for n = 0 ап (78). 

It is interesting to note, that in the half wave oscillation of a 
circuit, we have a case of a circuit, in which even higher har- 
monics exist, and the electromotive force and current wave are 
not symmetrical. 

22. From й = 0 follows, by equation: 


ј= 0, if: M>LC në, 
and: 


а=0, if: MLC wm, 


The smallest value of k, which can exist, is, by equation (77): 
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and, as discussed in paragraph (15), this value in high 
potential high power circuits usually is very much larger 
than L C m?, so that the case: q — 0, 1s realized only in ex- 
tremely long circuits, as long distance telephone or submarine 
cable, but not in transmission lines, and the first case: f = 0, 
is mainly of importance. 

Substituting therefore: A = 0 and f = 0, dropping terms of 
higher order, and rearranging, finally gives the 

Equations of the Free Oscillation: 


i = ХА є“ {cos (qt — ku — у) x cos (qt - ku — 7) | | 


T. (79) 
@ к= NEXT e^"! (cos (4! — Ки — у) + cos (qt + Ки — ү) | 


While the free oscillation of a circuit is a standing wave, 
the general standing wave, as represented by equations (59) 
and (60), with 4 integration constants А,, A,’, А,, A,’, is not 
necessarily a free oscillation. 

To be a free oscillation, the power e т, that is, either е or ?, must 
be zero at two points of the circuit, the ends of the circuit or 
section of circuit, which oscillates. 

This gives: 


АТА,” = AZ+A,” 


as the condition, which must be fulfilled between the integra- 
tion constants, to make a standing wave a free oscillation, and 
as can easily be shown. 

If the integration constants of a standing wave fulfil the con- 
ditions: А 
APA = А2+4,2 = Б? 


the circuit of this wave contains points и,, distant from each 
other by half a wave length, at which e = 0, and points 4,, 
distant from each other by half a wave length, at which 7=0, 
and the points и, are intermediate between the points 15, that 
is, distant therefrom by one-quarter wave length. Any section 
of the circuit, from a point и, or и, to any other point и, or и, 
then 1$ a free oscillating circuit. 

In the free oscillation of the circuit, either the circuit is bounded 
bv one point и, and one point и,, that is, the voltage is zero at 
one end, and the current zero at the other end of the circuit, 
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and the circuit then is a quarter wave or an odd multiple thereof, 
or the circuit is bounded by two points u,, ог by two points и,, 
and then the voltage 1$ zero at both ends of the circuit, or the 
current is zero at both ends of the circuit, and in either case 
the circuit is one half wave or a multiple thereof. 

23. Choosing one of the points и, ог и, as starting point of 
the distance, and introducing again the velocity of propagation 
as unit distance: 


А = ои 
OEN РЕР ба: 
апа denoting: 
27 
рет 
(80) 
_ 2л. 20 VLC, 
EE C OD E 


That is, representing a complete cycle of the fundamental 
frequency, or complete wave in time, by ф = 2 z, and a com- 
plete wave in space, by м = 2л. 


A. Quarter Wave Oscillatton : 


(a) e = 0 atu = ОДог: о = 0): 
© š 
Seu > B, sin (2n - 1) wo sin [(2 & 4-1) $ + ya] 


о 


00 
= МЕ ern > В» cos (2n +1) w cos [((2”+1) o t y] | 


% 
| 


(81) 


<. 
| 


(b) 4 = 0 at u = Oi(or: = 0): 


00 
e = gu У, B, cos (2и +1) со [Qn +1) Ф+у,] 


о 


© 
МЕ re >: В, sin (2n 1) о in[(25 1) $ r4] 
Q 


(82) 


>. 
| 
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B. Halj-Wave Oscillation: 


(a) e = 0at u = 0 (ог: = 0): 


со 
е = enn! У, B, sin n w sin (1 $ t y,) 
0 


“ы ——-.—-— —À— 


(53) 
__ © 
$ = Vo enw > B, cos n w cos (n ф + ул) 
0 
(b) + = 0at « = 0 (or: о = 0): \ 
~ | 
e = Е“ > B, cos п w cos (n ф + үн) | 
0 | (84) 
Е o0 
C | : 
$ = T. ews " Basin nw sin (n4 y,) | 
0 | 
where: 
m ] 
= == 
ф д. | 
(85) 
9zNVLC | 
G mo — x | 
д, 
1, = AL УЕ C in a quarter-wave, | 
(86) 
= 21! У] Сша half-wave oscillation. 
and: 
CU ard $ (57) 


д, is the wave length, and thus //A, the frequency, of the funda- 
mental wave, with the velocity of propagation as distance unit. 

It is interesting to note, that the time decrement of the free 
oscillation, e^ ***, is the same for all frequencies and wave lengths, 
and that the relative intensity of the different harmonic com- 
ponents of the oscillation, and thereby the wave shape of the 
oscillation, remains unchanged during the decay of the oscilla- 
tion. 

This result, analogous to that found in the discussion on 
traveling waves, obviously is based on the assumption, that the 
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constants of the circuit do not change with the frequency. This, 
however, is not perfectly true; at very high frequencies, r in- 
creases, due to unequal current distribution in the conductor, 
and L slightly decreases hereby. g increases by the energy 
losses resulting from brush discharges and from electrostatic 
radiation, etc., so that in general, at very high frequency, an 
increase of r/L and g/C, and so of w may be expected, that is, 
a greater rapidity of the dying out of very high harmonics. 
This would result in smoothing out the wave shape with increas- 
ing decay, that is, making 1 more approach the fundamental 
and its lower harmonics. | 

24. The equations of а free oscillation of a circuit, as quarter 
wave or half wave, still contain the pairs of integration constants 
B, and yn, representing respectively the intensity and the 
phase of the mth harmonic. 

These pairs of integration constants are determined by the 
terminal conditions of time, that is, they depend upon the 
amount and the distribution of the stored energy of the circuit 
at the starting moment of the oscillation. or in other words, on 
the distribution of current and voltage at ¢ = 0. 

The voltage e, and current г, at time 4 = 0, can be expressed 
as an infinite series of trigonometric functions of the distance и, 
that is, the distance angle w, or a Fourier series of such char- 
acter as also to fulfil the terminal conditions in space, as dis- 
cussed above, that is, e = 0 respectively + = 0 at the ends of 
the circuit. 

The voltage and current distribution in the circuit, at the 
starting moment of the oscillation, # = 0 respectively ф = 0, so 
determines the integration constants in the usual manner. 

25. А$ an instance the discharge of a transmission line may 
be considered: 

A circuit of length [1$ charged to a uniform voltage Æ, while 
no current passes in the circuit. This circuit then 1$ grounded 
at one end, while the other end remains insulated. 

Let the distance be counted from the grounded end, and the 
time from the moment of grounding. 

The terminal conditions then are: 


(a) w = 0: е = () 
w = 7/2: 1 = 0) 
(b) at ф = 0: 


е = Обог:о = 0;е = Е [ог: о + 0 
? = 0 for: шо + 0;% = indefinite for: w = 0. 
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The distribution of voltage e, and current 2, in the circuit, 
at the starting moment ф = 0, can be expressed by the Fourier 
serics, and it 15, 


0o 
AE... > sin (25 + 1) e cos (29 + 1) ф 
е = — - E ЕН - A A n 
л 2n41 
1 
; 3 ЕА/ © ws У, cos (2n +1) wsin (2n 4 1) ф 
л L 25141 


1 
Choosing the constants: 


120 miles 

0.41 ohms 

= 195x107h 
0.25 х 107? mho 
= 0.0162 х 107“) 
— 40,000 volts. 


| 


ном b ч ~ 
| 


е = 51,000 2“ 484 {sin w cos ф+ 3 sin З w cos 3 ф +1 sin 5 w cos 
5ф+ ... | volts 


147.2 є" {cos w sin d+} cos З w sin 3 ф+$ cos 5 w sin 
5ф+ ... | amperes. 


| 


VI. TRANSITION POINTS AND THE COMPLEX CIRCUIT. 


26. The discussions of standing waves and free oscillations, 
and traveling waves, in the preceding, directly apply only to 
simple circuits, that 1s, circuits comprising a conductor of uni- 
formly distributed constants r, L, g, С. Industnal electric cir- 
cuits, however, never are simple circuits, but are always com- 
plex circuits comprising sections of different constants, gen- 
erator, transformer, transmission lines and load; and a simple 
circuit 15 realized only by a section of a circuit, as a transmission 
ће or a high potential transformer coil, which 15 cut ой at 
both ends from the rest of the circuit, either by open circuiting: 
t == 0, or by short circuiting: e = 0. Approximately, the simple 
circuit 1s realized by a section of a complex circuit, connecting 
to other sections of very different constants, so that the ends 
of the circuit can, approximately, be considered as reflection 
points. For instance, an underground cable, of low L and high 
C, when connected to a large reactive coil, of high L and low C, 
may, approximately, at its ends be considered as having reflec- 
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tion points: $ = 0. А high potential transformer coil, of high L 
and low C, when connected to a cable, of low L and high C, 
may at its ends be considered as having reflection points: e — 0. 
That 1$, in other words, in the first case the reactive coil may be 
considered as stopping the flow of current, in the latter case 
the cable considered as short circuiting the transformer. This 
approximation however, while frequently relied upon in engi- 
neering practice, and often permissible for the circuit section 
in which the transient phenomenon originates, is not per- 
missible in considering the effect of the phenomenon on the 
adjacent sections of the circuit. For instance, in the first case 
above mentioned, a transient phenomenon in an underground 
cable connected to a high reactance: the current and voltage 
in the cable may approximately be represented by considering 
the reactive coil as a reflection point, that 1s, an open circuit, 
since only a small current enters the reactive coil. Such a 
small current, entering the reactive coil, may however, give а 
very high and destructive voltage in the reactive coil, due to 
its high L, and so in the circuit beyond the reactive coil. In 
the investigation of the effect of a transient phenomenon orig- 
inating in one section of a complex circuit—as an oscillating arc 
on an underground cable—on other sections of the circuit—as 
the generating station—-even a very great change of circuit 
constants, cannot be considered as a reflection point. Since 
this is the most important case met in industrial practice, as 
disturbances onginating in one section of a complex circuit 
usually develop their destructive effects in other sections of the 
circuit, the investigation of the general problem of a complex 
circuit comprising sections of different constants becomes 
necessary. This requires the investigation of the changes oc- 
curring in an electric wave, and its equations, when passing 
over a transition point from one circuit or section of a circuit 
into another section of different constants. 

The equations (29) and (30), while most general, are less 
convenient for studying the transition of a wave from one circuit 
to another circuit, of different constants, and since in industrial 
high voltage circuits at least for waves originating in the cir- 
cuits, q and Ё are very large compared with f and Й, as discussed 
before, f and h may be neglected compared with 4 and k. This 
gives the equations (45) and (46), or, substituting (47) and re- 
versing the sign of 4, that is, counting the distance in opposite 
direction: | 


1174 


рем [e10 [C, сова (3—1) +C,’ sinq 4—1] 
— +0 [C cos q (4 - t) - C,' sing 4+1] 
+e40-9 [C, сова (3—1) +C,’ sing (А0) 
— = 2+9 [C, cos q (4 t) - C, эта 4+1] 
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(88) 


where the constants are given by equations (37) to (43). 


e = anu (57787) [C, сова (4—1) - C,^ sing А-В] 
++) [С „сова (A+) +C,’ sing (44-2)] 
T e*1070 [C, сова (4— £) - C,' sing (4—1)] 
+= 1+1 [C сова (А+) +C,’ sing (А+ 


Substituting: 


C, 4 C,"- А? 
С2+С," = В? 
Cj C, = С 


С. = tan д 
/ 

—>—= tany 
Сү. 

С“ tan д 


gives these equations in the form: 


(89) 


(90) 


(91) 


—ы— — MÀ M € M 


t= ewt (A 71070 cos [q (4 — t) — a] — B eth cos [а (4+0) — p] 
T C €*1071) cos [q (À— t) — у] — D &7!G*? cos [q(A +t) — 


б] 


(92) 
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€ = - e А e7TG7ncos[q(4 — t) — a] + ВЕ + 0 сов[4(4 + — 8] 


+ С +107 9со5[4(4— t) — 71+ D e 1a*Dcos[q(24- t) — 01! 
(93) 


In these equations, À is the distance co-ordinate, using the 
velocity of propagation as unit distance, and at a transition 
point from one circuit to another, where the circuit constants 
change, the velocity of propagation also changes, and so, for 
the same time, constants f and а, Л and k, also change, and so 
ku, but transformed to the distance vanable 4, ku = q A remains 
the same. That 1$, by introducing the distance variable 4, the 
distance can be measured throughout the entire circuit, and 
across transition points, at which the circuit constants change, 
and the same equations apply throughout the entire circuit. 
In this case however, in any section of the circuit, 


А = о; и | 
_ | (94) 


и WL; Cs 


where L; and C; are the inductance and the capacity, respec- 
tively, of the section 2 of the circuit, per unit length; for instance, 
per mile. 

That 15, in a complex circuit, the time variable ; 15 the same 
throughout the entire circuit, or in other words, the frequencv 
of oscillation, as represented by q, and the rate of decay of the 
oscillation, as represented by the exponential function of time 
must be the same throughout the entire circuit. Not so how- 
ever with the distance vanable и: the wave length of the oscilla- 
tion, and its rate of building up or down, along the circuit, 
need not be the same, and usually are not, but in some sections of 
the circuit, the wave length may be far shorter, as in coiled cir- 
cuits in transformers, due to the higher L, or in cables, due to 
the higher C. To extend the same equations over the entire 
complex circuit, it therefore becomes necessary to substitute 
for the distance variable и another distance variable À of such 
character, that the wave length has the same value in all sec- 
tions of the complex circuit. Аз the wave length of the sec- 


tion 7 is - 7 E - this is done by changing the unit distance by 


VL; С; 


the factor: а; = VL; С; The distance unit of the new distance 
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variable À then is the distance traversed by the wave in unit 
time, hence different in linear measure, for the different sections 
of the circuit, but offers the advantage of carrying the distance 
measurements across the entire circuit and over transition 
points, Бу Ве same distance variable А. 

This means, that the length и; of any section $ of the complex 
circuit is expressed by the length: 4; = o; и. 

The introduction of the distance variable A also has the ad- 
vantage, that in the determination of the constants r, L, g, C, 
of the different sections of the circuit, different linear distance 
measurements 4 may be used. For instance, in the transmission 
line, the constants may be given per mile, that is, the mile used 
as unit length, while in a high potential transformer coil as unit 
of length и may be used the turn, or the coil, or the total trans- 
former, so that the actual linear length of conductor may be 
unknown. For instance, choosing the total length of conductor 
in the high potential transformer as unit length, then the length 
of the transformer winding in the velocity measure А15, À4,—4/T, C, 
where L, = total inductance, C,= total electrostatic capacity of 
transformer. 

The introduction of the distant variable A permits the rep- 
resentation, in the circuit, of apparatus as reactive coils, etc., 
in which one of the constants is very small compared with the 
other, and so 15 usually neglected, and the apparatus considered 
as ‘‘ massed inductance " etc., and allows the investigation of 
the effect of the distributed capacity of reactive coils and 
similar matters, by representing the reactive coil as a finite 
(frequently quite long) section of the circuit. 

27. Let А, А, àn . . . Àn be a number of transition points, 
at which the circuit constants change, and the quantities may 
be denoted by index 1 in the section from А, to À,, by index 2 
in the section from 4, to À, etc. 

At A=A,, it then must be: 2, =1,, ё, =е,; thus, substituting 
А=А, into equations (92) and (93), and equating, gives two 
identities, from which 1t follows: 


wtf: = Wf 
(95) 
that is, since w,+w,, only one of the two component waves 
can exist. Since these two waves differ from each other only 
by the sign of f, by assuming that f may be either positive ог 
negative, we can select either one of the two waves, and the 
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equations (92) and (93), ог (88) and (89) so assume the simpler 
forms: 


t = e+ (A eth cos [а (A— t) — a] — Be! cos [а (4 - t) — В] 


ess NP: e COD! {А e*t cos [q (à — t) — a] В e" cos [q(4 - —8]] 
(96) 


1 = Е (wth! fet [А сова (A— t) -Bsinq(a—0D] — e^? [C cosq 

(A+t)+Dsing (A+d]} 
po : | ч 

e= 7: (e*h! (e*t [4 сова A—t)+Bsing А-П] += НС cosq 
(А+9 + Dsin q (А+ 0]! (97) 

where } may be positive or negative. 

It is then: 
ш +} = wth, = wtf = . . . =ш„+}„ = т, (98) 


where wW, W, Ws, etc., шу, are the time constants of the indi- 


+ 8 
C 


time decrement of the complex circuit. 

The identities: ?, = $, and e, = e, for А = 4,, resolved for cos qt 
and sin qt, then give 4 equations, by which the integration con- 
stants А, B, a, B, or А, B, C, D, of one section of the circuit 
are determined by those of the adjoining section, by the ex- 
pressions: 


vidual sections, 4 (2+ L £). and m, may be called the resultant 


A, = 2121 fa, eth А, +b, efi (C, cos 2 q à + 10, sin | 
2q4)] 
B, = e fa fa, Пи B,4 b, ein (C, а — П, е 
241,))! | 
(99) 
С, = eta ja, efi С, +5, etii (A, cos 287 — В, sin 
2qA)} 
D, = #1121 fa, «711 D, +b, eth (A, sin 2q A, В, cos 


244,)} 
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where: 
_ Я 62 
^7 26 
| (100) 
_ с — с; 
b, = 2 | 
L, 
с, = С, 
(101) 
L, 


28. The general equation of current and voltage in a complex 
circuit consists of two terms, а main wave and its reflected 
wave. | 

The factor e-C"*D)! = 67 "оѓ represents the time decrement, 
or the decrease of the intensity of the wave with the time, 
and as such is the same throughout the entire circuit. In an 
isolated section, of time constant w, the time decrement, was 
found however as € **, That is, with the decrement е7“, the 
wave dies out in an isolated section at the rate at which its 
stored energy 1$ dissipated by the power lost in resistance 
and conductance. In a section of the circuit connected to 
other sections, the time decrement e^"o' does not correspond 
to the power dissipation in the section, that 1s, the wave does 
not die out 1n each section at the rate as given by the power 
consumed in this section, or in other words, power transfer 
occurs from section to section, during the oscillation of a complex 
circuit. 

If f is negative, m, is less than w, and the wave dies out 
in that particular section at a lesser rate than corresponds to 
the power consumed in the section, or in other words, in this 
section of the complex circuit, more power is consumed by r 
and g than is supplied by the decrease of the stored energy, 
and this section so must receive energy from adjoining sections. 
Inversely, if f is positive, ик >, and the wave dies out more 
rapidly in that section than its stored energy is consumed by 
г and g; that is, a part of the stored energy of this section 15 
transferred to the adjoining sections, and only a part— осса- 
sionally a very small part—dissipated in the section, and this 
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section acts as a store of energy for supplying the other 
sections of the system. 

The constant f of the circuit may be called energy transfer 
constant, and positive / means transfer of energy from the sec- 
tion to the rest of the circuit, and negative } means reception 
of energy from other sections. 

This explains the vanishing of f in a standing wave of a 
uniform circuit, due to the absence of energy transfer, and its 
presence in the equations of the traveling wave, in which energy 
is transferred along the circuit, and 1n the alternating current 
equations. 

It follows herefrom, that in a complex circuit, some of the f 
of the different sections must always be positive, some negative. 

In addition to the time decrement, є "оѓ, the waves in equa- 
tions (96) and (97) also contain the distance decrement #72 
for the main wave, = М for the reflected wave. Negative f 
means a decrease of the main wave for increasing À, or in the 
direction of propagation, and a decrease of the reflected wave 
for decreasing 4, that is, also in the direction of propagation, 
while positive f means increase of main wave as well as reflected 
wave, in the direction of propagation along the circuit. That 
is if f is negative, and the section so consumes more power 
than 15 given by its stored energy, and therefore receives power 
from the adjoining sections, the electric wave decreases, in the 
direction of its propagation, showing the gradual dissipation 
of the power received from adjoining sections. Inversely, if f 
is positive and the section so supplies power to adjoining sec- 
tions, the electric wave increases in this section, in the direction 
of its propagation. 

In other words, in a complex circuit, in sections of low power 
dissipation, the wave increases, and transfers power to sections 
of high power dissipation in which the wave decreases. 

29. Introducing the resultant time decrement m, of the com- 
plex circuit, the equations of any section can be expressed by 
the resultant time decrement of the entire complex circuit, m,, 
and the energy transfer constant of the individual section: 


j=m,—w (102) 
in the form: 


$ = Е "о! fet [А сова (4— 1) + sinq (A—1t)]—e В [С сова (A4 1) 
+ РО sin q (A+?#)]} ; (108) 
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€ = Kanne („ТИ [A сова (A— tf) +В sin q (A — |+ [C сова 
(2+1) + Dsin q (à 0)]] 


The constants А, B, C, D, are the integration constants, and 
are such as given by the terminal conditions of the problem, 
as by the distribution of current and voltage in the circuit at 
the starting moment, for і = 0, or at one particular point, as 
А = 0. 

The constants т, and 4 are dependent upon the circuit con- 
ditions: if the circuit 1s closed upon itself—as usually is the case 
with an electrical transmission ог distribution circuit—and A 
the total length of the closed circuit, the eauations must for 
А = A give the same values as for А = 0, and therefore 44 must 
be a complete cycle or a multiple thereof: 2 ил. That is: 


пл | 
qe (104) 


and the least value of q, or the fundamental frequency of oscilla- 
tion, 1s: 


22 
Yo = vi (105) 
and: 
да = "пд, (106) 


If the complex circuit 1$ open at both ends, or grounded at 
both ends, and so performs а half wave oscillation, and 4,= 
total length of the circuit, it is: 


_ Я 
= 
1 


(107) 
q = 194, 


and if the circuit is open at one end, grounded at the other end, 
so performing a quarter wave oscillation, and 4, — total length 
of circuit, it 1s: 


a emo dE 
° 245; (108) 
q = (2n—1)q, 
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If the length of the complex circuit 1s very great compared 
with the frequency of the oscillation, q, may have any value. 
That is, if the wave length of the oscillation is very short com- 
pared with the length of the circuit, апу wave length, and so 
any frequency, may occur. With uniform circuits, as trans- 
mission lines, this latter case, that 15, the response of the line 
to any frequency, can occur only in the range of very high fre- 
quencies. That is, even in a transmission line of several hun- 
dred miles length, the lowest frequency of free oscillation is 
fairly high, and frequencies, which are so high, compared with 
the fundamental frequency of the circuit, that, considered as 
higher harmonics thereof, they overlap, must be extremely 
high, of the magnitude of а million cycles. In complex circuits 
however, the fundamental frequency may be very much lower, 
and below machine frequencies, as the velocity of propagation 


1 | | | s 
——-4 may be quite low in some sections of the circuit, as the 
VER E 


high potential coils of large transformers, and the presence of 
iron increases the inconstancy of 7, for high frequencies, so that 
in such a complex circuit, even at fairly moderate frequencies, 
of the magnitude of 10,000 cycles, the circuit may respond to 
any frequency. 

The constant m, also is determined by the circuit constants. 
Upon m, depends the energy transfer constant of the circuit 
section, and thereby the rate of building up, т a section of low 
power consumption, or building down, in a section of high 
power consumption. In a closed circuit, however, passing 
around the entire circuit, the same values of e and 2 must again 
be reached, and the rates of building up and building down of 
the wave in the different sections, must therefore be such as 
to neutralize each other when carried through the entire circuit, 
that is, the total building up, through the entire complex cir- 
cuit, must be zero. This gives an equation from which m, is 
determined, as a mean value of the time constants w; of the 
individual circuit sections. 


УП. POWER AND ENERGY OF THE COMPLEX CIRCUIT. 


30. The free oscillation of a complex circuit differs from that 
of the uniform circuit, in that the former contains exponential 
functions of the distance A, which represent the shifting, or 
transfer of power between the sections of the circuit. 

Thus the general expression of one term or frequency of 


1182 STEINMETZ: ELECTRIC [June 29 


current and voltage in a section of a complex circuit 1s given by 
equation: 


1 = То! feth [А сова (A— D) +В sinq (4—10] — e? [C cos q 
(A4 10) + D sin а (A4 1)]J (109) 


e -VE c7 "o! fet [A cos q (A—1) +B sin q (4 — 1] +е71 [C cos 
9 (At t) + D sin q (А+ 1) || 


where: 
9 —-nq, 
2л 
Чо FI 
A = total length of circuits, expressed in the distance co- 
ordinate: | 
А = ои, 


и being the distance co-ordinate of the circuit section in any 
measure, as miles, turns, etc., and r, L, g, C, the circuit con- 
stants per unit length of и, and: 


G=VLC 
го МЕ 
С 
г р Те | 
w =} WA == time constant of circuit section, 
m, = wt+f = resultant time decrement of complex circuit, 


~ 


= m,— 0 = energy transfer constant of circuit section. 
The instantaneous value of power at any point of the circuit, 
at any time £, 1s: 
р = еї 
VL —2mot („А [4 Bs 2 _ 2 [C 
=V enor е [1 cos 9(4— 0) + Bsnq(A—t) —e?^ [С сова 
(A+t)+Dsing 9+0] 


= VE то! (fern (42 + B?)— e 2 (C? 4- П?) + [e+ (А? N B?) 


cos 2 q (À — t) — 2720 (C? — D?) cos 2q (4+1]+2[А B 
et? ап 2q (à—t)—C De?" sin2q(à+t)])} (110) 
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that 15, the instantaneous value of power consists of a constant 
term, and terms of double frequency in (А — f£) and (A4 t), that 
is, in distance А and time 1. 

Integrating (110) over a complete period in time, gives the 
effective or mean value of power at any point 4, as: 


Р =} vL вто! fet? (42-4 В?) — 674 (C? 4 Dl. (111) 


That is, the instantaneous power at any time and any point 
of the circuit is the difference between the instantaneous power 
of the main wave, and that of the reflected wave. 

The effective power at any point of the circuit is the difference 
between the effective power of the main wave and that of the 
reflected wave. 

The effective power at any point of the circuit, gradually de- 
creases in any section, with the resultant time decrement of 
the total circuit, 4 ?"o', and varies gradually or exponentially 
with the distance 4, the one wave increasing, the other decreas- 
ing, so that at one point of the circuit or circuit section the ef- 
fective power 15 zero. That is, this point of the circuit is a power 
node, or point across which no power flows. It is given by: 


САЗ BY) = (CHE) | 

от: | 
(112) 

аср | 

4j В A? + В? | 


The difference of power between two points of the circuit 1, 
and À, that is, the power which is supplied or received (depend- 
ing upon its sign) by a section / = 4, — 4, of the circuit, is given 
by equation (111) as: 


P, Av em? mot |(«+Мә — e) (424 B?) — (72022 — gc) 


(C? + D?)} (113) 


If P, > 0, this represents the power which is supplied by - 
the section / to the adjoining sections of the circuit; if P, «0, 
this is the power received by the section from the rest of the 
complex circuit. 
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If ЈА, and f 4, are small quantities, the exponential function 
can be resolved in an infinite series, and all but the first term 
dropped, as of higher orders, or negligible, and this gives the 
approximate value: 


+292 — e474) = £25 (4,—4) = +21 
һепсе: 


Р, СИМ E eme (А2 + Вз+ С2+ DY} (114) 


That is, the power transferred from a section of length 7, 
to the rest of the circuit, or received by the section from the 
rest of the circuit, is proportional to the length of the section, 
/, to its transfer constant f, and to the sum of the power of main 
wave and reflected wave. 

31. The energy stored by the inductance, L, of a circuit ele- 
ment d 1, that is, in the magnetic field of the circuit, is: 


L’? 
an == 2 


ад 


where L’ = inductance per unit length of circuit, expressed by 
the distance co-ordinate 4. 

Since L — inductance per unit length of circuit, of distance 
co-ordinate и, and А = ди, 1t is: 


hence: 


dy, = IV Eitan (115) 


In general, the circuit constants r, L, g, C, per unit length, 
и = 1, give, per unit length, А = 1, the circuit constants: 


r L g, C, 


' g' о” а 


ог: | | (116) 
| 
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Substituting (109) in equation (115), expanded, and inte- 
grated over a complete period in time, gives the effective power 
stored in the magnetic field at point 4: 


ан, ALL ong (реза (ate BY ee (C4 DY] -2((4C – 
B D) cos2401 t (4 D— B C) зп 244)! (117) 


and, integrated over one complete period of distance 4, or one 
. complete wave length, this gives: 


р P 
с TET VE 2" ffet? (A2 + В) + 6 (C24 D?)] (118) 
- The energy stored by the inductance L, or in the magnetic 
field of the conductor, consists of: 
À constant part: 


d », 
dà 


== 1 ys ет Т (42+ B?) ea (C? + Р?) | (119) 
А part which is a function of (4—1) and (2+): 
, 
i =} ems (fet? (1? — В?) cos 2q (4— D) Fe? (C? — D?) 
cos 24 (4+1)] +2 [A Bet?" sin2q(4— 0C D en 
sin 2 q (A44 10]l - (120) 


А part which is a function of the distance 4 only, but not of 
time f: 


41” _ 
dh 


TE goma i(AC—BD)cos2qÀA- (A +В C) sin 2 
"ZUM С (120) 


And a part which is a function of time 1 only, but not of the 
distance A: 


d yw" | 
dà 


МЕ на {(А С+Б D) cos2q14(À D — В С) sin 
241] (122) 
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and the total energy of the electromagnetic field of circuit ele- 
ment d À at time t is: 


= A LT 1 (123) 


The energy stored in the electrostatic field of the conductor, 
or by the capacitv C, is given by: 


dn, = cs dà 
or, substituting (116): 
ат, КИ С 
P dm $ T е? (124) 


and, substituting in (124) the value of e, from equation (109), 
gives the same expression as (123), except that the sign of the 
last two terms is reversed. That is: 

The total energy of the electrostatic field of circuit element 
d À at time #15: 


d», dyh,Jd wy dw а р" 


(125) 


~ 
©. 
м, 


and, adding (123) and (125), gives the total stored energy of 
the electric field of the conductor: 


дт, ат 
LL. m) ZLo 
UTR Ey * 71) (126) 


and, integrated over a complete period of time, this gives: 


d H = 29 No = TE Ето! (eth (A? 4- B?) e (С? + Р?) | 
А 2 À C 1 
а т” йт 77, 
The two last terms, —-4 and — -—. represent the energy 


а“ ад а 
which is transferred, ог pulsates, between the electromagnetic 


; — d т’ 
and the electrostatic field of the circuit; and the term em) rep- 


dt 
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resents the alternating (or rather oscillating) component of 
stored energy. 
The energy stored by the electric field т a circuit section /, 


TA . d 
between 2, and 1,, is given by integrating Н between 4, and 


À,, as: 


н= 1м 


1j 


g 2 "not (е +2740 L et?) (42+ В?) FS (ghz => € 211) 


e el 


(C*  D*)] 
(128) 


Н = НА Безне [.424 B? - С?+ D3} 


Differentiating (128) after t, gives the power supplied by the 
electric field of the circuit, as: 


or, more general: 


= 3j = є72тої (et? — et?) (А2+ B?) — (ehe — 674) 
(C? + D*)} 
(129) 
= mul ето 42+ Ва + С? + 1071 
- я rdà ; 
The power dissipated in the resistance: r^ d À = - FE and in 
^ : 
the conductance: g^ А = FF d À of a conductor element d 4, 


and so the total power dissipated in the circuit element d À 15, 
in the same manner: 
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where, as before: 


and, integrated over a complete period: 


аР, aw d 1, 


‚ 41” 
Е (131) 


À 
the power dissipated in the circuit contains a constant term. 


4w 8 and a term w hich i is a periodic function of the distance 4: 


4 т T. of double frequency. 


A veraged over a half wave of the circuit, or a multiple thercof, 
the second term eliminates, and it 1s: 


а 7, 
КЕ a 
thus, the power dissipated in a section / = A, — А, of the circuit, 
is by integrating between limits 4, and 4,: 


P= Wo a Ето! [(«+?!42 — t21) (424 B?) + (+212 — ehi) 


5; 
(C+D) . (132) 


= ш М-ны (42+ В+ С2+ 02) 


Denoting therefore: 


f! = (A?+ В?+ С? D) Vt (133) 
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it 1s: 
Energy stored in the electric field of the circuit section of length I: 


H = 41M? eine! (134) 


Power supplied to the conductor by the decay of the electric field of 
the circutt: 


P = m, 1 M? e(t (135) 


Power dissipated in the circuit section l, by tts effective resistance 


and conductance: 
| РҮ = МР nj (136) 


Power transferred from the circuit section 1, to the rest of circuit: 


P, = } 1 М? emot (137) 

That 15: 

w/m, = ratio of power dissipated in the section, to that ѕир- 
plied to the section by the stored energy of its electric field. 

ут, = fraction of power supplied to the section by 115 elec- 
tric field, which is transferred from the section to adjoining 
sections (or, if f « 0, received from them). 

j/w = ratio of power transferred to other sections, to power 
dissipated in the section. 

m,+w+fis the ratio of the power supplied to the section by 
its electric field, dissipated in the section, and transferred from 
the section to adjoining sections. 

These relations obviously are approximate only, and appli- 
cable to the case, where the wave length 1s short. 


VIII. REFLECTION AND REFRACTION AT TRANSITION POINT. 


23. The general equation of the current and voltage in a sec- 
tion of a complex circuit 15 given by equations (109). 

At a transition point А, between section 1 and section 2, the 
constants change by equation (99). 

Choosing now the transition point as Zero point of А, so that 
Я < 0 15 section 1, А > 0 is section 2, equations (99) assume the 
form: 


А, = a, А,+Ь, С, 
B,-a,B,—b,D, 

(138) 
С, =a,C,+0,A, 


Di-a,D,—b, B, | 
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and herefrom follows: 


с (Ле— Са) == Ay C?) | 
| | (139) 


с, (Bj — DY) с, (В, — 12,5) 


If now а wave in section 1, А, B, travels towards transition 
point 2 = 0, at this point, a part is reflected, giving rise to the 
reflected wave C, D, in section 1, while a part is transmitted and 
appears as main wave, А, B, in section 2. The wave C, D, in 
section 2 would not exist, as it would be a wave coming 
towards А = 0, from section 2, and not a part of the wave 
coming from section 1. In other words, we can consider 
the circuit as comprising two waves moving in opposite 
. directions: 


1. A main wave 4, B,, giving a transmitted wave 4, B, and 
reflected wave C, D,. 

2. А main wave C, D,, giving a transmitted wave C,' D,' and 
reflected wave 4,’ Ву. 


The waves moving towards the transition point are single 
main waves, А, B, and C, D,, and 

The waves moving away from the transition point are com- 
binations of waves reflected in the section, and waves trans- 
mitted from the other section. 

Considering first the main wave moving towards rising А: т 
this, C, = 0 = D,, hence, by (138): 


2c | 
A, = L A, | 
7 с, + с» | 
| (140) 
ect. р | 
C1 + Ca | 
Herefrom it follows: 
The mam wave in section 1: 
1, == то! eta 14, сова (A— t) +B, sing (4—1) | 
(141) 


е, = ce "o! stii (A, сова (A—t)+B sing 4-0} ] 
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when reaching a transition point А = 0, resolves into the re- 
flected wave, turned back on section I: 


"a E Ето! chi А, cos q(4 0) — В, ѕіп q(4 4 t)] 
| | (142) 
"ET € "o! c ПАДА, cos q(At+t) -B, sin q(4*0)] 
| сз t С, 


and the transmitted wave, which by passing over the transition 
point, enters section 2: 


| 2i ce ; 
i, = E Fe Е "o! etiz { А, cosq(A— t) +B, sinq(4—1)] 
(143) 
€, = с, „с. € То! +122 [ A, cos 0(4—1) + B, sin (4—1) | 
€, + с, 
; - B = 
the reflection angle, tan (1) = — д 15 supplementary to 
iue 
the impact angle: tan (7) = + = and transmission angle: 
421 


tan (i) = +1. 
411 


Reversing the sign of А in the equation (142) of the reflected 
wave, that is, counting the distance for the reflected wave also 
in the direction of its propagation, and so in opposite direction 
to the main wave and the transmitted wave, equation (142) 
becomes: 


| | 
| о и сз | : | 
41" = es 7 Ето! et” (4, cos д (А — D) +В, эта | 
E (144) 
е = +С, Ca 1 то efi {.1, сова (4^ — D +В, sing 


с. + €, | 
Q'-10]| ) 
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and it is then: 


Or: 
141,’ = 1, 
(145) 
LL €; be," = €, 
ež 
ete” =e, ] 
33. That 15: 


l. Ina single electric wave, current and electromotive force 
are in phase with each other. Phase displacements between 
current and electromotive force can occur only in resultant 
waves, that is, in the combination of the main and the reflected 
wave, and then are a function of the distance А, as the two 
waves would travel in opposite directions. 

2. When reaching a transition point, a wave splits up into a 
reflected wave and a transmitted wave, the former returning, in 
opposite direction, over the same section, the latter entering 
the adjoining section of the circuit. 

3. Reflection and transmission occur without change of the 
phase angle. That is, the phase of the current, and of the volt- 
аге, in the reflected wave and in the transmitted wave, at the 
transition point is the same as the phase of the main wave or 
incoming wave. Reflection and transmission with a change of 
phase angle can occur only by the combination of two waves 
traveling in opposite direction, over a circuit, that 1$, in a re- 
sultant wave, but not in a single wave. 

4. The sum of the transmitted and the reflected current 
equals the main current, when considering these currents in 
their respective direction of propagation. 

The sum of the voltage of main wave and of reflected wave, 
equals the voltage of the transmitted wave. 

The sum of the voltage of the reflected wave, and of the volt- 
age of the transmitted wave, reduced to the first section by the 
ratio of voltage transformation 2, equals the voltage of the 


1 
main wave. 


9. At the transition point, so а voltage transtormation occurs, 
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Li. | | 

by the factor сз АГ: —! that is, the transmitted wave of 
Cy С, L, 

voltage equals the difference between main wave and reflected 


Tm 2 С 
wave, multiplied by the transformation ratio = е. = (е, — е"). 
" 
1 2 
Аза result thereof, in passing from one section of a circuit to 
another section, the voltage of the wave may decrease or may 


C : 

increase. If i > 1, that is, when passing from a section of 
1 

low inductance and high capacity, into a section of high in- 


ductance and low capacity, as from a transmission line into a 
transformer or a reactive coil, the voltage of the wave is increased ; 


РЕ 7 | "PNE 

if 2 < 1, that is, when passing from a section of high induct- 
1 

ance and low capacity, into a section of low inductance and high 


capacity, as from a transformer to a transmission line, the 
voltage of the wave 1s decreased. | 

This explains the frequent increase to destruction voltages, 
when entering a station from the transnussion line or cable, 
of an impulse or a wave, which in the transmission line is of 
relatively harmless voltage. 

34. The same equations also apply for a wave passing the 
transition. point in opposite direction, and combining both 
waves gives the total expressions of current and voltage on the 
two sides of the transition point. 

In the neighborhood of the transition point, that is, for values 
А, which are sufficiently small, so that et and "И can be dropped, 
this gives the equations: 


1, = "o! [{.4, сова (7/— D +B, sing (4— 1) | и (А, cos 4 
Су + С; 
9 
(441) — B,sinq (4401 —— ?— (С, сова 44-04 D, 
Cpi tti 
sin q (А+1)]] 
е, = СЕ "о! ЦА, cosg (A—2) +В, sing (4—1) & кы 1.4, cos 9 
тс, 


(4+0 — B, ѕіп 9 iid d. (С, сова (А+) + D, 
i €, + С, 


sin q (A+#)}] M 
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14, = —Е "о! [{C, соѕ 9 (A+t)+D, sin q (A+?) | = (C, cos q 


(A—t) —D, sing 401-9 ss cos q (A—?t)+ 


В sing (A—t)}] 


€, = c,€ "o! [{C, сова (A t) + D, sing CEDIES o (С, cos 4 
1 2 


(A—t)—D, па. (А, cosq(4— D + 


B, sin q (4 — 91] 


In these equations, the first term is the main wave, the sccond 
term its reflected wave, and the third term the wave transmitted 
from the adjoining section over the transition point. 

Expanding and rearranging equations (146) gives as the dis- 
tance phase angles of the waves: 


tan di _ —& КВ, = В» eos qt + (A, +С.) sin qt | | 
' (à А, — с, С» cos qt — (c, B, +c, Dy) sin qt | 
| $ (147) 
inu. ја c, 1(B, — D, cos qt + (А,+ C,) sin qt} 
2 (с, А, — с, C,) cos qi — (c, В, c, D,) sin qt 
hence: 
tant, _ с, — A/L,C, 
Гай ч, РС | (148) 
tane, = С.В Dios te (А, – cC) singt | 
| с, {(A,+C,) cos qt — (B, — D,) sin qi} | 
(149) 
T (с, В, +c, D,) cos qt + (с, А, — c, C,)sin qt 
" €, | 1,+С,) cos qt — c, (B, — D,) sin qt] 
hence 
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That is, at a transition point the distance phase angle of the 
wave changes, so that the ratio of the tangent functions of the 
phase angles is constant,and the ratio of the tanbent functions 
of the phase angles of the voltages is proportional, of the currents 


| | е L 
inversely proportional tothe ratio of the circuit constants c = и C 


That is, transition of an electric wave or impulse, from опе 
section of a circuit to another, takes place at a constant ratio 
of the tangent functions of the phase angle, which ratio is a 
constant of the circuit sections, between which the transition 
OCCUTS. 

This law is analogous to the law of refraction in optics, except 
that in the electric wave it is the ratio of the tangent functions, 
while in optics it is the ratio of the sine functions, which is con- 
stant and a characteristic of the media, between which the 
transition occurs. | 

This law so may be called the 

Law of rejraction of a wave at the boundary between two 
circuits, or at a transition point. 

The law of refraction of an electric wave at the boundary 
between two media, that is, at a transition point between two 
circuit sections, is given by the constancy of the ratio of the tan- 
gent functions of the incoming and reflected wave. 
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NOTES ON THE ELECTRIC HEATING PLANT OF THE 
BILTMORE ESTATE 


———M 


BY CHARLES E. WADDELL 


— ———MÀ 


_ Under the conditions of modern life electricity is an indis- 
= pensable adjunct to the successful conduct of an establish- 
ment the size of Biltmore House; in this residence, besides the 
power, lighting and. signal service, it is now also used for heating. 

For the last two years both the hot water system and the 
laundry have been operated by electricity. Before entering upon 
a detailed description of the systems, the reasons for the sub- 
stitution of electricity for fuel will be briefly stated. Under 
former conditions, to supply the laundry with steam and to 
maintain a supply of hot water, it was necessary to keep both a 
hot water heater and a high pressure boiler constantly fired. 
To operate the plant required the services of three attendants. 
At certain hours of every day a portion of the attendants’ time 
was required by other dutics; but in the summer months and 
when the house was unoccupied, their entire time was virtually 
bestowed upon this very small duty. Anthracite coal, costing 
approximately $11 per long ton, was used. The difficulty in 
maintaining an adequate supply, together with the noise and 
dirt incidental to unloading, and the cost of the removal of the 
ashes, rendered its use undesirable and very expensive. 

The majority of southern hydroelectric corporations furnish 
power under certain imposed conditions as to peak, load-factor 
and the like, at approximately 8.5 miles per kilowatt-hour. A 
study of all the conditions and a review of these facts indicated 
that economy would result from an abandonment of fuel and 
the introduction of electric heat. 

1197 
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The plant as it stands has a capacity of 167 kw. and it has 
thus far fulfilled all expectations as to economy and reliability. 

Hot Water System. The hot water system is that common to 
alllarge buildings. It consists of a loop system of piping. leading 
from storage tanks, and so laid out that gravity maintains a 
constant circulation. As a consequence, the tempcrature is to 
all practical purposes uniform throughout the house, and on no 
line is it necessary to withdraw a quantity of cold water before 
the hot comes. The stand-by losses are of course excessive, 
but the comfort more than compensates for the additional cost. 
Two storage tanks are employed, each with a capacity of 500 
gal. Into the top of one of these cold water from the main 
enters; from the side and bottom a loop of ,three-inch pipe 15 
taken out and carried to the heaters which are located some 
twenty-five feet lower. The heaters are the lowest point of the 
system. | 

Heat was formerly supplied by a type of heater, which closely 
resembled a self-contained vertical tubular boiler. То main- 
tain an adequate supply of water at a temperature of 200? fahr. 
required a fuel consumption of ten pounds of anthracite coal per 
hour. Tests of long duration showed this to vary but little. 

The electric heater is a cylindrical steel tank, three feet in 
diameter by five long, containing twenty flues arranged in two 
concentric circles, and the whole closely resembling in appear- 
ance a miniature horizontal tubular boiler. Each of the twenty 
flues contains a heating element of 5 kw. capacity; consequently 
the total capacity of the heater is 100 kw. The connecting 
terminals are brought out at one end of the tubes; at the other 
end a nut holds the elements in place. The withdrawal of thc 
clement is accomplished by simply removing the nut. 

The electric heater is installed beside the coal heater and the 
two are provided with valves so that either or both may be used 
as occasion demands. 

Electricity 1s supplied in the form of a three-phase, 60-cycle, 
alternating current at a potential of 230 volts. A switchboard 
panel is installed immediately in front of the heater and the 
elements are grouped thereon in three banks, each bank con- 
nected to phase, a feature of great value in balancing the load 
on the transformers. The power-factor of the elements is unity. 
This was determined by observing the current consumption first 
on the direct-current circuit and then on the alternating, the 
amperage in each case being the same. 
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The form of the hot water heater and the uniform rate of fuel 
consumption led to the conclusion that its efficiency was con- 
siderably higher than the ordinary steam boiler, and probably 
approximated 65 per cent. Assuming the coal to have a heat 
value of 14,000 B.t.u., the effective value would be 9100 B.t.u.; 
and since 1 kw-hr. is equivalent to 3412 B.t.u., it appeared that 
an input of 26.6 kw. would be an equivalent. 

The approximation was so close that when the electric heater 
was placed in service, 30 kw., were applied; and with the excep- 


# 
EN ^. 


p * / ^ * „ * 
Е ee 


Fic. 1—Fuel and electric hot water heaters 


tion of a few hours in the late evenings when 5 or 10 kw. more are 
necessary, or the early mornings when not so many are needed, 
this input has been varied but little. 

The energy input in any apparatus 15 divided into useful work 
and heat losses; in heating apparatus since the entire work is 
the production of heat, where the elements are totally immersed, 
the efficiency theoretically should be 100 per cent.; this is 
modified to some extent by the heat absorbed by the material 
of which the element is made. 
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In order to determine the actual working efficiency of the 
above heater, its piping was disconnected from the system, cold 
water was introduced, and the valve so adjusted that with a 
fixed input of 40 kw. the water discharged was at constant 


KILOWATT -HOURS 
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Fic. 2 


temperature. The discharge was weighed, the input meter 
гса at the start and conclusion of the test, and from these data 
the net efficiency found to be approximately 85 per cent. "That 
is to say, 85 per cent. of the input becomes available and effec- | 
tive, in the hot water svstem; the other 15 per cent. is lost in 
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radiation from the boiler shell, through the tubes, and from the 
attachments and piping. The author is of the opinion that the 
recorded efficiency is too low and may be considered as ultra 
conservative. Nevertheless it represents the efficiency of the 
plant under everday working conditions, and is not a test under 
artificial conditions, such as electric apparatus is often subjected 
to and which bear scant relation to working conditions. 

The water at Biltmore contains a number of carbonates, 
causing boiler flues to form scale and incrustations rapidly and 
to an excessive degree; and with all steel piping which is sub- 
jected to a _сусје of temperature change there is а continuous 
struggle to remove this coating. In the hyht of experience, 
although it would materially, increase. the cost, the use of 
copper flues instead of the iron ones now employed seems a 
justifiable expense. With a flue that would not retain scale, 
the formation of scale ‘оп the shell would be in the nature of 
additional heat insulation and would be beneficial rather than 
otherwise. 

Ordinarily the deterioration of electric heating elements 
appears to be rapid; 10,000 hours is seemingly the maximum 
guarantee to be had. In the case of an element employed т 
heating water, where the element is at all times submerged, 
the maximum attainable temperature difference 15 but 180° fahr. 
and the deterioration is nothing like so rapid as in other classes 
of service. 

Speaking in the dual capacity of purchaser and seller of power, 
the writer does not hesitate to say that electric heating for hot 
water service 1s the most satisfactory and profitable load to be 
had. Peak loads are the rare exception; close regulation 15 non- 
essential; and momentary interruptions to service are of no im- 
portance; and even in prolonged shut-downs the slow thermal 
change of the liquid is such that ample time to start the auxihary 
fuel plant is afforded. 

Fig. 2 is a chart showing the monthly current consumption 
fora year; 20,000 kw-hr. per month is considered normal. When 
less is Tecorded the consumption was purposely curtailed in 
order to keep the total current for the estate within the contract 
allowance. 

- The cost of the fuel heater, complete, installed, was about $350. 

The cost of the electric heater, complete, installed, and including 
switchboard, foundations, and Pipe connections, was 2 
mately $1200. 
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LAUNDRY EQUIPMENT 
The electric equipment installed consists of: 
1 Dry room heater, capacity approximately 16 kw. 
1 Mangle, 48 in. by 16 in., capacity 8 kw. 
4 4-iron stoves, each with a capacity of 2 kw., total 8 kw. 
1 Steam generator, capacity 35 kw. 
Total capacity 67 kw. 


From the main switchboard current is conducted to the 


Fic. 3—Rear view of 100 kw. hot water heater 


laundry by three 500,000 cir. mil cables which terminate in a 
three-wire cabinet, the capacity of the panel being 1000 amperes. 
All conductors are run in galvanized conduit, the most sub- 
stantial construction is followed, the aim being to secure an 
installation comparing favorably with steam apparatus in sim- 
plicity and durability. All laundry apparatus works inter- 
changeably on direct or alternating current. 
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The dry room with a cubical contents of 640 feet is provided 
with three heating elements in the form of plates which are 
supported on porcelain insulators resting on the floor. Соп- 
nections from the controlling switch box are made through 
asbestos covered wire and mechanical, in preference to soldered, 


Fic. 4— Dry room, showing clothes racks and air flue 


joints are used where possible. The dryer is equipped with the 
ordinary form of vertical clothes racks travelling on rollers. 
To accelerate the process of drying an 18 in. galvanized iron flue 
leads from the top of the room to a nearby chimney. In laying 
out this apparatus it appeared feasible to supply only heat 
sufficient to maintain circulation; the theory being that rapid 
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passage of warmed air would more or less mechanically exhaust 
the moisture. | | 

In this connection it may be of interest to show how the 
equivalent heating capacity was determined. Originally the 
room was equipped with 108 sq. ft. of radiation in the form of 
lin. pipe. The steam pressure was kept at 60 lb. gauge; repre- 
senting a temperature of 309? fahr. The temperature of the 
air in the dry room was usually 185? fahr., a difference of 124? 
fahr. Assuming that 1 in. wrought iron pipe radiates 2.9 B.t.u. 
per sq. ft. „рет degree difference of temperature; and since 1 
kw-hr. is equivalent to 3412 B.t.u.; we have: 


2.9x 124 X 108 
vg 11.4 kw. 

Practically 12 kw.; a capacity on which all estimates were 
based.. The discrepancy between the calculated and installed 
capacities is due to our use of certain elements on hand that 
would otherwise have been idle; and the greater capacity appears 
to facilitate the work. 

The following 15 the average weekly performance, the dryer 
being used three days, and each day listed separately for com- 
parison. 


Monday, March. 30, 1908. General household wash, such as shirts, 
underclothes, stockings, table linen, towels, sheets, etc. 


Number of hours изеЧй............................ 10.5 

” " articles dried та parsen к кык AS PN 
Weight “ МИА Шева сване нивои и T ОТЕ 103 
Average Temperatures. carcino eee cose vi s 101? fahr. 
Number of lb. water ехрећеч...................... 84 
BW EE Loaded dp aceite pesci eat det dud d dup 124 
lb. water expelled per Кме-һг............................0.68$ 
Ibélothes ане Е е рана а о на 0.83 
Мише of pieces: S 77 along ет тмини a PRSE 2.73 


Thursday, April 2, 1908. Used for drying 18 shirts only. Shirts had 
been starched. 


Number of hours ихеад ............................ E 

s "articles dried Му киле ейи шеллак йун 18 
Weight “ T^ оо: 9 
Average їепїрегаїпте............................. 110? fahr. 
Number of lb. water ехрећеа...................... 12 


| Kw-hr МА И И И Ра TET 68.4 
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The heater was turned on at 8 a.m. and in empty state reached 
working temperature in one hour. Clothes were put in 1.5 
hours after current was turned on; the mere act of drying, 
therefore, required 33 kw-hr. 


Friday, April 3, 1908. Second general wash. 


Number of hours ивей............................ · 7.25 

: 5 articles dried «nro кри ЕШ 276 
Weight “ © ty, То онота olde 
Average јетрегаћцге............................. 110? fahr. 


Fic. 5--Electrically heated mangle 


Number of lb. water ехрећеа...................... 182 
КУЋЕ нина diat c as e S OR УСК 125 
lb. water expelled per Кку-ћг.............................1.45 
Ilboelothes dried. Me © > usus bee vers 1.14 
Nümberofpieces. ^ Ж ооо oed ege a deed 2.20 


Clothes ordinarily enter the dryer at a temperature of 83? fahr., 
having previously been raised to a high temperature in the pro- 
cess of boiling and washing. 

The steam mangle formerly used was converted to electric 
service by providing the rotating drum with heating elements. 
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Connection with the circuit is effected by means of a 3-ring 
collector and carbon brushes. Three degrees of heat may be 
had, the maximum input is 8 kw. and the heating intensity is 475 
watts per sq. ft. of surface. The performance of this machine 
is far more satisfactory than when used with steam; especially 
gratifying 1s the absence of leaky stuffing boxes. 

The record of an average day's work 1s given below: 


Current turned on mangle at 6.30 a.m. 

Mangle started to work at 8.30 a.m., stopped at 2.30 p.m., off 45 
min. for lunch; off 30 min. to cool; total TIME current was 
on, 6.45. 

Amperes, 45; volts, 118. 

Two girls working. Articles mangled were: towels, table cloths, 
napkins, sheets, bed spreads, pillow cases. 


Total weight articles in Њ.......................... 221. 
“ square feet тапрЇей.......................... 12,256. 
* numberof ресе реа Seen take 471 
Ем По аа еллы нысу SEI Cans а auia ШЫРА 35.8 


АП pieces were passed through twice, and many pieces three 
times, this accounts for the large surface area. The articles 
were cotton and linen. 

The cost of equipping this mangle, including freight, drayage 
and installation, was approximately $175. 

The diversity in. weights, shapes and uses of the sad irons 
in this laundry led to the selection of electric stoves in preference 
to electric irons. Experience has taught that such claims were 
given undue consideration, and Гат now of the opinion that an 
equipment of electric irons weighing from 7 to 12 №. would be 
preferable. For heating very special shaped irons, used on 
laces, etc., one stove might prove necessary. А consideration 
entirely apart from the merits of the irons has led to their partial 
abandonment, and that 1$ that with the advent of the electric 
apparatus the temperature of the laundry was lowered to a 
degree where the ironed clothes would not “air ” properly, and 
it was found necessary to keep the coal stove going to overcome 
this obstacle. It appears that where clothing 15 at once stored, 
and not again immediately used, that this '"" airing ” is essential 
to their preservation. With the coal stove working the use of 
the electric stoves was in the nature of a waste. 

Below 1$ given the record of a day's ironing using the electric 
stoves: 
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Two girls worked six hours each. 
219 pieces ironed; articles were stockings, handkerchiefs, towels, 


napkins, pillow cases, petticoats, skirts. 


Стона о NE, CAINS. ЛЬ о рата ои а 63 
Net < BT О: РТ 41 
eS АН ae О а а а а И КОЛЫ ОКК ЫЕ 24 


It required 40 minutes to bring stoves and irons to working 
temperature. An iron heats in 8 minutes after being returned 
to the stove, and will hold sufficient heat to iron from 4 to 7 
minutes, depending on the dampness of the article and the 
material. To properly iron a handkerchief requires 7 minutes, 
a bath towel 4 minutes. 
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Fic. 6— Electric stoves for sad irons 


The foregoing data are submitted simply as an illustration of 
actual performance, and represent average results; they are 
given in detail that others working along the same line or being 
confronted with new problems may glean some help from our 
experience. When the plant was begun we quickly realized the 
dearth of available data; and I believe that if all experimenters 
will publish the results of their investigations, facts will be 
gathered from the mass of testimony which will result in im- 
proved and more efficient apparatus. 

Allusion has been made to the use of electric irons versus 
electric stoves; in connection with the former attention 1s called 
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to the matter of cords and attachments. These are the weak 
points in this class of apparatus. The cords get damp and short- 
circuit, the terminals break loose, and the insulation frays off. 


Fic. 7—Steam generator and laundry tubs 


For small irons and light service the existing practice is fairly 
good, but in heavy work, to insure success, a more substantial 


equipment must be designed. 
By far the most interesting piece of electrical apparatus at 
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Biltmore is the steam generator. With the abolition of steam 
service some method of boiling the clothes had to be provided. 
Of the several suggested and tried forms, the one in use seems 
best suited to the requirements. In the winter when steam 
heat is on the house, it is in the direction of economy to use 
steam from the mains. For nine months of the year heat must 
be secured elsewhere. Boiling the clothes is an essential process. 
To retain intact the steam apparatus was an obvious desideratum ; 
to provide supplementary electric apparatus introduced com- 
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plications; and a compromise was effected by generating steam 
with electricity, piping the generator into the steam mains, a 
series of valves rendering the two sources of heat interchangeable. 
The steam generator consists of a group of five 3-in. vertical 
pipes. Around the pipes the heating elements are placed. 
The pipes are interconnected at both top and bottom; the top 
is provided with a steam dome; and the whole is equipped with 
water column, steam gauge, pop valve and inlet water regulator. 
The function of the regulator is to keep the water level in the 
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boiler constant. Feed water is taken from the hot water mains. 
At the base, and integral with the frame, are five switches, each 
controlling a 7 kw. element. 

Steam at practically zero pressure is conducted to five tubs 
and there discharged through perforated pipes located in the 
bottoms. The tubs are made of porcelain and contain about 
2 cu. ft. each. 

When new the generator was tested to determine its evapora- 
tive efficiency; this was found to be between 95 and 100 
per cent. The appliances at hand were not adapted to precise 
work, but the result is not very far wrong in my opinion. The 
test was made by bringing the contents of the boiler to the 
boiling point, marking the height of the water on the gauge 
glass, evaporating a given weight and ceasing when the water in 
the boiler was level with the starting point. The meters were 
read at start and finish, and the input determined. The varying 
barometer and the inaccuracies of the thermometers introduced 
error, and it is by no means certain that the meters were exactly 
right, although they were new and of the highest grade. 

In service the performance is as follows: 


92 lb. water in tub. 
7 lb. linen “ “ 
To raise to boiling point requires 10 kw-hr. 
Clothes are boiled 20 min. and current consumed is 4 kw-hr. 


Total kw-hr. per бајсћ.......................... 14 


Digressing from the subject, it seems to the author that this 
form of steam generator is admirably adapted to the service of 
train heating, where steam and electric locomotives are alter- 
nately employed. Worked in connection with a return system 
of piping, water storage only sufficient to supply leakage would 
be necessary. The generator being located on the locomotive 
the increase in weight on the drivers would be an advantage. 
The low cost, and the simplicity of the apparatus together with 
the fact that it would fit existing equipment should, I think, 
render an experiment worth while. 

Plate Warmer— т addition to the two large classes of service 
that have been described, there is installed in the butler's 
pantry an electric plate warmer. This piece of apparatus is 
in the form of two shelves, each 24.5 т. by 43 in. and each 
with a rated consumption of S40 watts; an equivalent heating 
effect of 0.8 watts per square inch of surface. Each shelf is 
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provided with its own switch, the ordinary double-pole indicating 
snap switch 1s employed for control, the wiring is of the fire- 
proof form of insulation, and the current supply is taken from 
a nearby lighting main. The lighting system being designed 
for operation on either the alternating bus-bars or the direct- 
current storage battery bus-bars, 1t follows that, like the laundry, 
the plate warmer works interchangeably on the two classes of 
service. 

At the time of purchase this type of heating apparatus sold 
for approximately $6 per square foot. 

Concluston—-As was aptly pointed out in an editorial of a 
representative technical paper not long since, electric heating has 
suffered from the fact that its economic possibilities have usually 
been considered from its thermal unit value; and the lesson to 
be drawn Нот the Biltmore installation is that a careful 
analysis of all the conditions may disclose the fact that while 
theoretically a disparity exists, nevertheless economy may accrue 
due to the better operating conditions. 

Enthusiastic advocates of electric heating are to-day making 
broad claims which in a measure mislead the uninitiated; this 
in the author’s humble opinion should be discouraged. The 
prices at which electric power 15 generally sold and the state of 
the heating art do not as yet admit a wholesale and unreserved 
usurpation of the heating field; and it is a question whether this 
state ever will be reached. One thing, however, 15 certain, and 
that is that Utopian dreams and unsubstantiated claims are 
going to do much harm and no good; and all projected heating 
installations of any magnitude should be accorded careful 
attention and considered in the light of an engineering under- 
taking, not merely as a matter of domestic or commercial т- 
stallation. 

We have found that the standard forms of enclosed fuses when 
continuously worked at or near their rated capacity on heating 
apparatus rapidly deteriorate, failing without apparent cause. 
For this fact I have no explanation to offer. 

Experience leads to the conclusion that for heavy heating 
work a number of auxiliary appliances accepted as standards 
in lighting work will have to be either remodeled or abandoned. 
The temperature at which heating elements work renders the 
use of solder undesirable; in a number of instances that have 
come under our observation the terminals have melted off. 
The use of fire-proof or asbestos covered wire is to be preferred 
to rubber, even in conduit_installations. 


1213 WADDELL: ELECTRIC HEATING PLANT [June 29 


Where cords are required it would appear better construction 
to use flexible armored cable. For stationary apparatus the 
switching devices should as far as possible form an integral 
part of the apparatus; and where necessary to separate the two, 
connection between them should be made through conduit, and 
both switch and heating element be arranged to mechanically 
unite with the conduit. In the majority of places where electric 
heating apparatus is employed water or steam is present, and 
for this reason the switching devices should be accorded special 
attention. The open knife switch is altogether unsuitable; 
the enclosed knife switch some, but not much, better; and the oil 
switch entirely out of place. A little mechanical ingenuity 
bestowed upon these details would effect a decided advance in 
the art and would eliminate one source of trouble. 
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RELATION OF THE MANUFACTURING COMPANY TO 
THE TECHNICAL GRADUATE 


BY DAVID B. RUSHMORE 


Conditions in the commercial world necessitate an increasing 
consideration being given to the perfecting of organization and 
to raising the standard of individuals composing the same. 
The present may be said to be distinctly an age of organization, 
and in the competition which naturally exists, the relative effi- 
ciency attained by different organizations has much to do with 
their survival in the competitive struggle of modern times. 
Much thought is now being expended оп this question 
and a great deal of good is resulting from the study being made 
of it. А whole can reach its best condition only when all of the 
parts which compose it are of the first class. This means that 
the individuals composing an organization must be of the best 
quality both as regards natural and acquired ability. There 
is an increasing demand for highly trained men, and there 1s 
considerable discussion as to what that training should be. A 
man who has concentrated his energies for four years on a special 
line of work is naturally more efficient in that line than would 
be possible otherwise, and consequently the properly trained 
college man is more efficient than the man without a college 
education. The ranks of industrial manufacturing concerns 
are, without question, becoming more largely filled with college 
graduates and therefore the importance of the technical graduate 
is increasing. There will always be men of unusual natural 
ability who will succeed without a college education, but such 
individuals undoubtedly would have been able to accomplish 
more if they could have had the advantages of concentrated 
training correctly applied for a number of consecutive years. . 
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Manufacturing companies must now to a large extent train 
their own men. These men must have a thorough acquaintance 
with the organization, must know the apparatus manufactured 
by it, and must be more or less familiar with the general business 
conditions and with the individuals handling that business. In 
a large electrical manufacturing company the ability to handle 
business in almost any department is to some degree dependent 
upon the familiarity of the individual with the apparatus con- 
cerned, as commercial, legal, and engineering questions are 
almost always involved together. 

A manufacturing company naturally desires a considerable 
variety of men. There is a large amount of routine business to 
be transacted, and there is also a large amount of work calling 
for onginality, initiative, and invention, which demands a differ- 
ent type. Men may remain in the shop organization, enter the 
general commercial department, enter the drafting room or 
engineering force, work out into the district offices in their 
engineering or commercial lines, may go with operating con- 
cerns to take charge of power plants and transmission systems, 
or they may branch out into the very wide variety of allied 
industries which use electrical apparatus and where trained 
electrical men are required. А considerable number find a 
useful field in consulting engineering, and a few get into posi- 
tions where technical engineering ability is utilized in financial 
lines. 

Some manufacturer has said that he could lose his whole 
factory equipment and still win out if allowed to keep his 
organization intact. Certainly organization 15 one of the most 
important factors in present industrial conditions. An organ- 
ization means an aggregation of individuals each of whom 
is performing some more or less specialized function, but all 
working harmoniously together to a common end. Many men 
never learn that they are part of an oryanization, and persist 
in working as individuals and therefore lose much of their value 
toa large concern. To get the advantage of a large organization 
everybody's mind must be used for the whole, and the old 
military system of passing down all the orders from the top has 
largely disappeared. Собрегайоп is the watchword of modern 
industrial development. Conferences have become a standard 
way of arriving at decisions, but executive work must, of course, 
be single-headed. Concerns which make use of the idea of con- 
ferences and of using the minds of all of their members, while 
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they may be a little slow in action, will always win in the end. 
The best organizations allow a free development of individuals, 
while restricting them to harmonious action. Initiative must 
be rewarded, suggestions freely accepted, and a healthful rivalry 
carefully watched and, if necessary, restricted. Ап individual 
entering a large concern becomes at once a member of an organiza- 
tion and must work as such. The entire line of thought and 
action is very different from a condition where he performs all 
functions himself. The ability to work as part of an organiza- 
tion can be largely acquired, and should be learned in a college 
course. It is usually one of the things which a man has to 
learn when he first gets out of college, and is sometimes rather a 
difficult lesson. Great importance is placed by manufacturing 
organizations also on personal habits, characteristics, etc., as 
well as mere technical knowledge. 

The condition of a man after graduation depends to a con- 
siderable extent on the individual and somewhat on the college 
from which he comes. The recent graduate 1s necessarily some- 
what theoretical in his point of view, and, while having a good 
foundation, has not the practical experience or the acquaintance 
with actual conditions which makes him of immediate value. 
There is a tendency at present to connect educational institu- 
tions with manufacturing establishments so closely that there shall 
be no sharp line of transition from one to the other. This looks 
somewhat ideal, but undoubtedly is a desirable tendency. A 
great deal in the present system is to be commended, and 
splendid men are being turned out. They are all willing to 
start in at the bottom, but very few are willing to stay there 
long. The ability to succeed in an industrial organization de- 
pends on a great many other things than mere technical knowl- 
edge, and the incidental developments at college bring out many 
faculties which are useful in later life. The participation in 
college athletics, debating societies, class functions, fraternities, 
publications, etc., develops the individual and assists him to 
follow such work after graduation. Cramming for examina- 
tions has even been commended on the score that this 15 what 
one has to do continually afterwards. Among the most import- 
tant things which a man learns to do at college, especially in 
athletic contests, is to work with others; to do team work and 
not act as an individual, because a large part of the effective- 
ness of an organization depends on just such work. А college 
man naturally becomes something of an organizer, promoter, 
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manager, and contestant, and gets a start in taking a broad view 
of conditions. It is dependent upon himself to develop this 
afterwards. 

One of the most promising signs of the times is the close 
study and coóperation between manufacturers and colleges. 
College students frequently work in the shops during vaca- 
tions, as do also college professors. In some colleges it is 
the intention to have the professors engage for a year or so in 
active practice, and then return to teaching for a few years. 
The whole trend is along a line which brings the college man in 
close touch with actual conditions. Much that the colleges 
are doing is excellent, and much can be said in favor of the ideas 
now being given consideration for future modifications. А few 
suggestions only are offered here. 

The college graduate during his first year or two after gradu- 
ation, is placed under new conditions, and requires some time to 
find himself. It has been suggested that he keep some relation- 
ship with his college during this time and that some systematic 
study in connection with this work be followed. Another sugyes- 
tion 1s that college work should be from the beginning associated 
directly with the idea of costs. No real engineering is ever dis- 
associated from this feature. It usually takes a college man some 
time to learn that the best engineering 1$ that which will serve 
the purpose, and cost the least. At least one college runs its 
shop in this way, and to instill this point of view into men while 
getting their education would be of much use afterwards. It 
1$ very сазу to say what should be added to or taken from a 
college course, and it 1s only too easy for a man to make sug- 
gestions in this line, as 15 evidenced by the amount of material 
produced in the way of articles and discussions. Many men 
after graduation find a use for commercial law, for accounting, 
for a certain knowledge of business methods, апа financial 
factors. It is suggested that some attention be paid to these 
in connection with engineering work. Professional men are 
very largely working on salaries, and a salaried position is always 
more or less of an insurance against the acquisition of wealth, 
so that for professional men no subject is of greater importance 
than the study of investments, and from a personal point of view 
this cannot start too soon. 
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WATER POWER DEVELOPMENT IN THE NATIONAL 
FORESTS. A SUGGESTED GOVERNMENT POLICY 


BY FRANK G. BAUM 


In order to insure the supply of timber and to protect the 
water sheds and conserve the water of our mountain streams, 
the government some years ago adopted the роћсу of with- 
drawing large timber areas from entry by creating national 
forests. The preserves were to be operated by the forestry 
department for use and not for profit. Recently the govern- 
ment has given permits to companies proposing to make power 
developments on condition that the permits be revocable at 
the pleasure of the Secretary of the Interior, and that there be 
a conserving water royalty charge by the government on the 
power output of the plant. 

Objections to temporary permits have been made by the 
power companies, as no one wishes to invest money to risk 
losing it through the whim of some official. Objections have 
also been made to the conservation charge, especially when it 
is based on the output of the plant. In this paper I shall try 
to arrive at what I believe to be a logical conclusion of a fair 
conservation charge. 

The matter 1s of great importance because power development 
is advancing the progress of the country at an increasing rate, 
and a government policy retarding power development will 
retard this progress. Power development stands to-day at the 
same stage, so far as its influence on progress 15 concerned, as 
the construction of railroads did 20 or 40 years ago. The јт- 
mense benefits to be derived from the development of cheap 
power and the resulting saving of our timber, oil, and coal 
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resources should not be deferred by unfair government policy 
or indefinite assurances for the safety of the money invested. 

The proper development of water powers would utilize re- 
sources now going to waste; the development of coal mines, 
on the other hand, means the consumption of resources now 
stored and available at any future time. Every hydroelectric 
horse power saves the consumption of about twelve tons of 
coal per year. "Therefore the proper development of the water 
powers would conserve the country's coal resources to that 
extent. For example, 1,000,000 hydroelectric horse power 
transmitted to New York and its vicinity for manufacturing 
purposes would result in saving about 12,000,000 tons of coal 
per year. This coal could be reserved for domestic purposes. 
This is about 20,000 cars of 50 tons each per month, or 666 cars 
per day. The development and use of less than 25 per cent. 
of California's available water powers would stop all wood, 
oil, and coal burning for power purposes in that state. The 
same 1s true for nearly all the western states and a great many 
of the eastern and southern states. 

In order to limit speculation, and at the same time to hasten 
water power development and save our wood, oil, and coal 
resources, I suggest that all rights-of-way and lands necessary 
for this development be given on condition that a certain pro- 
portion of the work be done each усаг and that a certain pro- 
portion of the development be completed within five years. 
This would put the man developing the water power on exactly 
the same basis as the miner and the farmer; it would prevent 
speculation and limit the operations to bona fide developments. 
No man or combination of men, no matter how wealthy and 
greedy, would then be able to monopolize the water power re- 
sources of this country. The statement that there is now 
danger of a water power monopoly in this country is utterly 
absurd to any one having a knowledge of the facts or the con- 
ditions under which water power developments must be made. 
The development of our water areas would help to conserve the 
coal areas, and would protect the national forests, where water 
power is developed, at no expense to the government. 

It will be assumed that the object of the proposed conserva- 
tion charge 15 not intended as a means to raise revenue for the 
government, but for the purpose of protecting, operating, and 
maintaining the forests, so that the greatest possible use may 
be made of them, not for this year or next, but with the idea 
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of using the forests to produce a perpetual supply of food, 
timber, water, etc. 

It follows as a natural conclusion that the different reserve 
sections must stand on their own merits; that is, the revenues 
in California, for example, should not be made so great that it 
would be impossible to use the revenue 1п the reserves in that 
section. In other words, it would be only fair that the revenue 
derived from a California reserve, say, should not be used to 
purchase, or maintain, a reserve in. Maine. 

It follows, further, that each reserve unit should stand on 
its own merits, and the money derived from any one reserve 
should, as far as possible, be used to maintain and promote 
the interests of that particular reserve unit. The people en- 
titled to the products of the reserve, who should be given first 
consideration, would be those who settled in the country, 
many of them having settled because of the resources in the reserves 
adjacent to their place of settlement. Naturally, they should 
be entitled to first consideration in disposing of the products of 
the reserve. Those who settled in a particularly favorable 
location should not contribute to the reserves of a less favorable 
condition. This policy is, I believe, followed in giving grazing 
permits, and also in timber permits. Ё 

Coming now to a particular reserve. The reserve has re- 
sources mainly in feed, timber and water. The area of the feed 
and timber product of a reserve has no natural boundary. 
When we consider the water product, however, we find natural 
boundaries for each watershed, and logically to arrive at a fair 
and equitable basis for a conservation water charge we must 
consider each water shed by its natural boundary, and each 
watershed as a unit. The man wishing to make a power devel- 
opment should pay only a just proportion of the cost of main- 
taining the watershed and conserving the water. In a certain 
reserve, for example, there are two adjacent watersheds. The 
area of the two watersheds may be the same, and the water 
output also, but the cost of maintenance of the reserve lands 
in one shed be entirely different from that їп the other; the value 
of the power resources in the two adjacent watersheds may be 
entirely different. Watershed А for instance, may, have an 
area of 100,000 acres, a water output of a certain number of 
average second-feet, and the power which can be economically 
developed, say, 5000 kw. Watershed B may have the same 
number of acres, but the economical power development may 
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be 50,000 kw. On the basis of a fixed charge per kilowatt-year, 
as proposed, watershed B would give a revenue to the govern- 
ment ten times as great as that of watershed А. The revenue 
derived by the government on this basis from watershed B 
from the power resource, is much more than justifiable, con- 
sidering the cost of protecting and maintaining same, and much 
more than can possibly be used in that particular watershed 
for any purpose benefiting the power privilege. It is only fair 
that the government’s charge against the power privilege 
should be based on what the government furnishes to make the 
privilege operative. The cost of maintenance in the case À : 
might be very much greater than in the case B, yet the revenue 
derived from B, on the basis of a fixed charge per unit of out- 
put, would be ten times as great as the revenue derived from A. 
Some parallel examples will illustrate the principle of the pro- 
posed method of fixing the charge. 

The Reclamation Service, in charging for reclaiming lands, 
takes each district and applies all the cost equally to all the lands 
to be irrigated. If one watershed district offers opportunities 
for developing a project for $20 per acre, that is the charge made, 
although in the adjacent watershed, or district, the charge may 
be $40 per acre. That is, the principle is recognized that the 
people settling in а particular area are entitled to all the natural 
resources belonging thereto. No profit can be made from one 
area and applied to another. Similarly in power development, 
the man who develops in one watershed 15 entitled to all the 
natural advantages belonging to that area, and he should not 
be made to pay to help develop power on an adjacent watershed. 
None of the money contributed by him, because of his 
privilege, can be used rightly for any other purposc, except to 
benefit the watershed or privilege which he enjoys. The grazing 
and timber interests pay their just proportion of the cost to 
the government of the privileges enjoyed by them, and the 
power privilege should likewise pay its just proportion. 

Suppose again that the government withdraws a given timber 
area in order to assure ties to several railroads that traverse it. 
What 15 а Just charge for the ties? А charge on the gross or 
net revenue of the road, or a rate on the tonnage passing through 
the reserve would be absurd; the only fair charge would be on 
the value of the ties, calculated on the yearly expense of main- 
tenance and the number of ties the reserve can produce annu- 
аПу. Why then should the water-power company pay a 
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royalty on the basis of its power output? The grazing and tim- 
ber interests are not taxed with the idea of producing a profit 
to the government, or that the grazing or timber interests of one 
section should support those of another, or that these interests 
should be taxed to support others. The miner is not charged 
a royalty by the government, but the government can rightly 
charge him for any direct benefit һе may receive by reason of 
the reserves. 

By all precedent, then, the principle 1$ well established. that 
the government should calculate the cost of what is furnished, 
and the conservation charge be made accordingly. This would 
establish the principle that the annual conservation charge 
should be based on the actual yearly cost to the government 
of the cost of conservation. The conservation charge would 
change from time to time, but there would be a definite basis 
for its determination. | 

Rights-of-way on lands occupied for reservoirs, pipe-lines, 
and power houses should be sold to the power company at a 
fair value, and these lands would not then enter into the de- 
termination of the conservation charge. Rights-of-way and 
lands necessary for the development should be the property of 
the company. These matters should be fixed independent of 
the conservation charge. We should not expect railroads to 
open up new country if their rights-of-way were revocable, or 
if they were charged on the basis of tonnage carried over the 
right-of-way. 

Coming now to the analysis of a particular watershed and 
the privilege granted to the power company on it: the with- 
drawal and protection of the timber will generally affect the 
stream-flow, and a just charge can be made by the government 
for the protection given, as it directly benefits the privilege. 
The charge made for the protection of the timber and the stream- 
flow must naturally vary with the conditions, and must be 
calculated for each case, because other interests should also 
pay their just charge for the protection. The charge made for 
the reservoir privileges, rights-of-way, for canals, pipe-lines, 
and power-house sites should, however, be based on the value 
of the acreage occupied. Because a power development occu- 
pies a given piece of ground, makes it no more valuable to the 
seller (the government) than if it were to be occupied by a quartz 
mill, and the power man should pay no more than the miner 
or any other interest. 
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When the amount to be charged for the right-of-way, reser- 
voir, and power-house sites is fixed, and the government has 
determined the amount to be expended yearly on the water- 
shed, the amount to be charged for the power privilege can be 
easily fixed. It should make no difference in the charge whether 
5000 kw. is obtained in power. or 50,000 kw. That 15, as т 
the case of the farmer and the Reclamation Service, the man 
settling in the valley where conditions are favorable for low cost 
of irrigation. should have the benefit of that condition. And 
the power man who uses his ingenuity and money to discover 
a better power development than another should also have the 
benefit of his enterprise. The government has not vet, and I 
hope never will, put a tax upon discovery, invention, and de- 
velopment. 

Still further to show the reasonableness of a fixed total charge 
annually for a given watershed, we may merely cite the fact 
that if the charge is based on the kilowatt output, the man 
who puts in a cheap and wasteful system pays less than the 
man who puts in a more expensive and efficient system. Fur- 
ther, the man who sells his power for $20 per kilowatt year, 
pays double the percentage paid by the man who sells for $40 
per kilowatt-year. And again, the man who takes this power to 
a market, say 100 to 300 miles away, must pay to the govern- 
ment for the losses and expense in doing so and pays more 
than the man who sells to the home market. The man who 
reaches out with his power is equalizing conditions, just as rail- 
roads equalize conditions by their transportation facilities, and 
should be encouraged and not taxed for doing so. 

Coming to the case where the government owns part of the 
property necessary for the conservation and development, and 
part is owned by private parties, or the man making the devel- 
opment. For example, assume that the power company mak- 
ing the development owns a reservoir which controls the stream. 
Assume that this reservoir is the controling feature of the de- 
velopment, that without it the stream is virtually worthless. 
It may even be that the reservoir is all that 1s necessary, and 
the protection of the timber could have no effect on the devel- 
opment, and its removal would not affect the development in 
the least. Has the government a right to make a conservation 
charge when as a matter of fact the man is paying for his own 
conservation? In this case the government can only charge 
for rights-of-way and lands occupied, and no conservation 
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charge can be justly made. If the government furnishes part 
of the conservation—this is usually the case—then a proper 
proportion of the basic rate of the conservation charge can be 
made. 

This may be illustrated by taking the case of a man owning 
a timber area to which he had title before the establishment 
of areserve. In order to make use of the timber it is necessary 
to obtain from the government land for a mill-site and right- 
of-way for a railroad from the timber to the mill-site. A proper 
charge for the land for the mill and right-of-way can only be 
made on the basis of the value of the lands occupied. A charge 
on the output of the mill would be entirely unjust; this will 
be admitted by all. Change the timber area to a reservoir, 
the mill-site to a power-house site, and the railroad to a pipe- 
line, and wherein lies the difference? The man purchased the 
reservoir before the reserve was established, to store water and 
develop power. In order to do this he must have the right-of- 
way for pipe-line and land for power-house site, and these must 
be granted him as in the case of the sawmill, on the basis of 
the land value, and not on a royalty of the power output. No 
royalty should be charged for giving the man the only oppor- 
tunity there is to make use of his property. Any number of 
parallel cases could be cited to illustrate the principle. In 
creating a forest reserve the government cannot but recognize 
the rights of private individuals or companies who owned 
lands in the reserve previous to its establishment, and the 
government must allow owners the use of their property. Any 
other course would amount to confiscation. 

The above suggested method of fixing the conservation charge 
is believed to be logical and treats the power interests as others. 
The amount to be charged yearly for conservation would be 
influenced by only one fact; that is, the yearly cost to the 
government of maintaining the area benefiting the privilege, 
and what proportion of the charge should be borne by the power 
company? Ц eliminates all questions as to the efficiency of 
the development or the amount of development, and hence 
would tend.io make for efficiency and maximum use of the re- 
sources. It eliminates the question of the market value of 
distance of transmission. The market value would, as it should, 
depend upon the natural advantages for power development 
in the district, and there should be no additional tax when 


high efficiency is aimed at or long transmission is undertaken. 
(1 11 
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Rights-of-way and property necessary would be a separatc 
matter from the conservation charge, and property rights 
necessary for development would be not temporary but per- 
manent. We should not expect a man to establish his per- 
manent home and develop his farm if he is not assured title. 

The above method of charging separately for lands and for 
conservation, and giving title to lands, would remove all ob- 
jection on the part of investors, because then power companies 
would obtain title to grounds occupied by the development 
and there would be a definite and fair method by which the con- 
servation charge would be arrived at, now or at any future 
time. It 1s believed no logical objection could be raised to the 
plan by the power companies. 

It may be contended by some that the government should 
obtain as large a revenue as possible for every development 
and apply the proceeds for the general welfare, the argument 
being based on the fact that the government grants a privilege 
which cannot be enjoyed by others and should receive a revenue 
in proportion to that derived from the operation of the privi- 
lege. The examples cited, however, make this position un- 
tenable, as the power companies should not be treated differently 
from the farmer, the lumber company, the railroads, or other 
interests. There is no monopoly in water power development, 
and the advantage gained by a man who does something should 
not be shared by the man not so progressing. It would be just 
as logical to make the thrifty farmer share with the less thrifty. 
Industry, progressiveness, and individuality should not be 
stifled or taxed. 

Feed, timber, all crops, minerals, and water, and anything 
in which nature produces, are primary producers of wealth. . 
Why should water be classed differently from any of the other 
natural products in the government policy of development and 
control? The general government cannot justly make a charge 
equivalent to a franchise tax or regulate rates; those privileges 
would remain with the state and subject to local laws, where 
the streams are under State control. 

When the conditions of the past, present, and future devel- 
opments of the country and its industries are considered in 
relation to the present and future developments of power, it 
is believed that the only tenable conclusion which can be reached 
is that the power interests must be treated as other interests 
and charged for conservation only on the basis of the cost to the 
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government of the thing furnished by the government, and 
that rights-of-way and property required for the development 
should be the property of the company making the develop- 
ment. The only varying element, then, will be that due to 
the fact that the value of the property owned by the govern- 
ment is changing as time advances, and the conservation charge 
should be changed accordingly. | 

The conclusions drawn from the above discussion may be 
briefly stated as follows: 

A. А proper conservation charge can be made only on the 
basis of the cost to the government of that which is furnished 
by the government. 

B. The proceeds from any particular privilege cannot be 
devoted to any other watershed or any other section, or for 
any purpose except the particular privilege. 

C. The conservation charge will have a maximum limit at 
any given time which can be determined by calculating the 
yearly cost of the conservation to the government. This charge 
can be fixed for a period of say ten years, and at the end of that 
time a re-calculation may be made, and a new conservation 
charge made yearly, to meet the changing cost of maintenance. 

D. The question of the proper conservation charge is entirely 
a separate matter from the charge to be made for lands and 
rights-of-way for development, and the two matters should be 
kept distinct. 

E. Rights-of-way and lands necessary for the development 
should be charged for on a fair basis of value, as would be deter- 
mined if the lands belonged to private parties and a value had 
to be set on them for the power purposes by a court, or a com- 
mission.  Rights-of-way and lands necessary should be deeded 
outright by the government to the power company and the only 
changing conditions then, as time goes on, would be the yearly 
conservation charge. 

My suggestion for a government policy on water-power re- 
sources can finally be stated in a single sentence—encourage 
water-power development as much as possible, make a proper 
conservation charge and make grants for rights-of-way and 
lands necessary for development permanent on condition that 
a certain proportion of the work be done each year, and that a 
certain proportion of the development be completed within 
five years when a patent for all grounds occupied will be granted. 
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CRITICAL STUDY OF LIGHTNING RECORDS ON TAY- 
LOR'S FALLS TRANSMISSION LINE 


(PAPERS BY J. F. VAUGHAN AND N. J. NEALL*) 


BY PERCY H. THOMAS 


The following study of the Taylor's Falls line lightning data 
has been made for the purpose of discovering what inferences 
as to the nature of the attack of lightning on a transmission line 
can be safely and properly drawn from the unusually complete 
data recorded. 

Interpretation of tell-tale papers. The correctness of all 
inferences presumably depends on a correct interpretation of 
the significance of the various types of punctures in the tell-tale 
papers; hence this matter was given special consideration. А 
careful study of the original papers shows the punctures in the 
tell-tale papers taken from the gaps in the ground connection 
of the insulator pins to be of three sorts. 

1. Very fine, almost invisible punctures, usually occurring 
in large numbers and scattered round a central point or points. 
These are often so numerous that the paper is actually eaten 
away for a small space, giving a superficial appearance of 
the second type. This first type is characterized by a sharp 
edge, looking almost as though it had been scorched and usually 
by a few small punctures in its neighborhood. 

2. Distinct individual holes, varying in size from that made by 
a small needle to large holes, all having the appearance of having 
been torn in the paper. These all have rough hairy edges but 
show no signs of burning. 

3. Individual holes of the general character of the last but 
with burned or charred edges. "This type may show any amount 
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of burning from a slight scarring to the complete destruction of 
the paper. 

In general thesc three types are clear and easily distinguished. 
They are clearly to be interpreted as follows: 

First type. Puncture due to charging current taken by the 
pin in view of its static capacity to the line wire. This charging 
current evidently will exist under normal voltage conditions, 
if the width of the gap 1n the ground connection where the tell- 
tale is placed 1s sufficiently small to be broken down by the volt- 
age normally existing. Trouble was experienced at first from 
the honeycombing of tell-tale papers during normal operation, 
since the ground gaps were set too small. The readjustment 
of these gaps 1s noticed in the large chart, Fig. 11, under date 
of June 10. When these gaps were finally sct above the break- 
ing limit of the normal voltage, punctures of the first type must 
have indicated abnormal voltages, and the size of the puncture 
indicated the amount of charging current taken by the pin or 
sometimes the number of times such voltages were repeated. 

The second type above, indicated “ spill-overs "; that is, the 
jumping of a static charge over the surface of the insulator. 
This was a very common occurrence in these experiments. Spill- 
overs are distinguished from the first type of puncture by their. 
size. Only the finest punctures can be caused by the charging 
current to the pin itself, on account of its small static capacity. 
On the other hand, when the spark jumps from the line to the 
pin the static capacity of the line comes into play and also any 
charge coming to the line from the atmosphere and a much larger 
discharge results. 

The third type is of the nature of the second, except that after 
the spill-over, current from the generator has followed. 

The following analyses are based on the above interpretation 
of these paper punctures, which the writer has no doubt are 
substantially correct. ~ 

Analysis of storms. Storm of July 4. This storm is of special 
interest, since there happened to be no power on the line at the 
time the storm occurred. The direction of the storm is west 
to east, crossing the line two miles from Hugo at about pole 918. 
There are a number of relatively small punctured papers between 
the main centre of disturbance near pole 918 and the sub- 
station; those occurring beyond pole 1135, five miles from pole 
918, appear to have been caused by the first ty pe of sparking; that 
is, by charging current to the pin itself without discharge over 
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the insulator. These punctures were made presumably before 
the taking off of the power from the line on the morning of 
July +, or perhaps after it was put back before the papers 
were taken out оп July 6. They may, however, have been 
made by waves of static from the disturbances occurring near 
the middle of the line. The first explanation, if true, means 
that these particular gaps were set so close as to show these 
fine punctures when there was no noticeable abnormal dis- 
turbance. 

There seem to have been two distinct local disturbances т 
the neighborhood of pole 918. А heavy discharge must have 
struck at pole 918 on all wires and have traveled 1n both direc- 
tions on all wires. The зрШ-оуег$ tributory to this dis- 
charge on phase A appeared last at pole 028 in the direction of 
the sub-station, and at pole 906 in the other direction. On 
phase B spill-overs appeared last at pole 924 in the sub- 
station. direction and at pole 909 in the other; on phase C 
there were small spill-overs to 909 (possibly to 894) and a 
large one at 924. 

There must have been a second discharge near by, according 
to this analysis, centering at poles 931, 934, and 937. The 
spill-overs from this disturbance seem to have been confined 
to poles not distant from the center at pole 934 more than six 
or eight poles. And although three insulators were shattered 
near pole 934 there were apparently not more than four other 
spill-overs. It is possible that the very small spill-overs 
at poles 955, 955, and 961 were due to this same discharge. 
Their appearance indicates rather quiet static. 

It so happened that this discharge, or these discharges, came 
on the section of line, a little over a half-mile long, between 
ground wire А and ground wire В. That this 1s the case. seems 
certain, for the punctures of the papers are nowhere so large in 
the general region of that storm as around 918 and 934. It is 
unfortunate that the storm did not actually strike over one of 
the sections protected by grounded wire, as this would have 
given more valuable evidence as to the protective effect of such 
wires than now exists. 

As a matter of fact nearly all of the tell-tale papers in the 
ground connections of the overhead ground wire B discharged 
enough electricity to show a hole perhaps one-half as large as 
the largest punctures in the tell-tale papers in the insulator 
pin-ground wires on the unprotected portion of the lines. These 
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overhead ground punctures, further, grew smaller in size from 
the end nearest the maximum disturbance to the other end. 
They are quite as likely to have been caused by the static wave 
passing down the transmission line from the region of pole 918 
as by the direct effect of the disturbance on the overhcad ground 
wires. They may, of course, conceivably be due to a suddenly 
released bound charge, but they seem to be much too large for 
this. The evidence against the ' bound charge " hypothesis 
is summarized in the second paragraph below. Two insulators 
were shattered under this overhead protection, one only one pole 
within, the other four poles within. This shattering probably 
had little to do with the effectiveness or lack of effectiveness 
of the ground wires, since the disturbance arose on an un- 
protected portion. The grounded wires on the other side of 
the unprotected portion of the line showed very much smaller 
punctures in their ground connections and only three in all 
located next to the end of the section. 

The smaller of the two main disturbances, near pole 934, 
which was the one nearer the last described section of ground 
wire (type А) was central about seven poles away, while the 
greater disturbance near pole 918 was central about five poles 
from ground wire B section. No very satisfactory conclusions 
can be here drawn as to the protective power of the overhead 
ground wires, since the storm did not strike so as to give them a 
trial. It may, however, be safely concluded from the tell-tale 
papers that the ground wires are very active and pass much 
current. This is almost certain to be helpful. The other types 
of overhead ground wires located at distances from one to six 
miles, seem to have taken no discharge of any particular sig- 
nificance. 

It is very important to note the nature of the discharges in 
the tell-tale papers of the lightning rods that are entirely sepa- 
rate from the line structure. In the case of nearly every lightning 
rod on the whole system small punctures were observed, usually 
much less than the size of a normal spill-over puncture on 
the line, but very numerous. In one case, not near the centre 
of disturbance by two miles, pole 820, what would be taken 
as a very severe spill-over puncture if found in the insulator 
tell-tales, was observed. This must have meant a severe direct 
stroke. In none of these cases of spill-over size discharges 
in the lightning rods was there any sign of disturbance on the 
adjacent portion of the line. From these observations on light- 
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ning rods it may be concluded that the disturbances on the line 
are in all probability due, at least in their severe form, to direct 
charges from the air and not to the accumulation and release 
of bound charges on the line. The latter could not occur on the 
rods; and if the rod discharges come directly from the air, it is 
evident that the line charges as well do so in the main, since 
both sorts seem of the same nature and of the same general mag- 
nitude. Furthermore, the heavy discharge at the lightning rod 
near pole 820 should have produced a severe discharge on the 
line, if the sudden release theory be the right one, for the con- 
ditions must have been particularly favorable at this time. 

During this very active storm there were only very few dis- 
charge indications on the station arresters. At the power-house 
there were very small discharges on all three legs of the horn 
arrester. At the sub-station there were discharges, both series 
and shunt, in leg C on the low equivalent and a discharge in 
leg А on the electrolytic. This is very significant, for the storm 
was severe and prolonged in the center of the line and yet was 
hardly noticeable at the station arresters; in other words, the 
disturbances did not travel to the station without a consider- 
able loss of energy. 

Storm of August 18. This storm followed the direction of the 
line from sub-station toward power-house pretty closely and 
caused apparently five principle disturbances. The storm first 
made itself felt at or about pole 1387, where it caused spill- 
overs on all three line wires in the immediate neighborhood, espec- 
ially on А and B. Here it very possibly started a short-circuit 
on the system through wire B on pole 1387 and probably through 
either leg A of the low equivalent or the horn arrester at the 
power house or leg А of the electrolytic arrester at the sub- 
station. This, then, may be taken as the cause of the dip in 
voltage referred to in the notes of this storm. Then nearly a 
mile farther on another discharge of great severity occurred at 
or about pole 1357. This destroyed several insulators and prob- 
ably caused another short-circuit through wire C on pole 1341 
and through leg À on one of the above arresters or perhaps 
more than one. This shut down the power house as reported and 
for the rest of the storm there was no power on the line. There 
are no more evidences of burning of papers. 

Poles 1342 to 1385 had the ground connections removed from 
the pins and can show the actual discharges only by the shat- 
tered insulators and the split poles. Heavy spill-overs oc- 


1232 THOMAS: LIGHTNING STUDY [June 29 


curred: on wires А and C on the pole having grounded pins 
nearest to the disturbance at pole 1351 and spill-overs were 
continued for nine poles on wire А. Spill-overs on other 
wires seemed to stop at pole 1341. Two or three spill-overs 
occurred in the next third of a mile on wire C, the last one on 
pole 1314, being one of the most severe of the storm. This 
spill-over was probably due to a separate disturbance. 

No more very serious spill-overs occurred, though there 
was a single one of some violence at pole 909 wire A, four poles 
under the overhead ground wires, type B. This is significant, 
since there 1$ no discharge of any importance at all in the neigh- 
borhood outside of the ground wire section. А single very 
severe spill-over occurred at pole 563 on phase C. No 
other spill-over occurred near it. 

Overhead ground wires B were active, since at nearly every 
grounded pole a hole occurs in the overhead ground tell-tale 
papers of the size of a large spill-over puncture. There does 
not seem to have been any other evidences of a discharge in 
this neighborhood except that at each end of the ground wire 
section a line spill-over occurs on one wire, though these 
are different wires, and both are within the overhead grounded 
wire section. This looks suspicious, as the line spill-overs 
either cease on the line wires orat least become very much smaller 
exactly at the ends of and outside of the ground wire sections. 
There is apparently no evidence to show what is the phenomenon 
causing this particular condition. 

The serics coil tell-tale papers in this storm are very significant. 
The choke-coils at pole 1356, within one pole of shattered insula- 
tors on both sides on one wire and very close on all wires, had 
all three papers burned up, showing a very violent discharge in 
shunt to the coils, enough to ignite the papers. The papers 
for the coils on wires À and B at pole 1230 were burned up, this 
pole being a distance of two and a half to three miles from the 
nearest disturbance. There is a small puncture in the series 
coil in wire А at pole 1615, five miles in the other direction from 
the nearest discharge of any apparent severity. Аз these coils 
have only twenty turns of conductor of one foot diameter, 
probably not equal in inductance to more than a hundred yards 
of line wire, a very sharp wave-front is shown by these series 
coll discharges. 

The above storms have been taken as samples. The analyses 
of the others have been made similarly, but the results: сап ђе 
best studied by topics. 
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Protective power of overhead ground wires. In making infer- 
ences on this subject, the most important one of all in some 
ways, it 1$ necessary to use the greatest caution not to be misled. 
The data are not as full as was to be hoped but are nevertheless 
better than any definite data obtainable elsewhere. 

Ground wire А. "This section. was subject to some disturb- 
ance, more or less, in five storms. There was one spill-over 
on an insulator in this protected section due undoubtedly to a 
disturbance outside the section, and four punctures in tell-tales of 
equivalent size in the grounds from the overhead wires, all in 
the storm of July 4. In only one instance was there any violent 
disturbance in the immediate neighborhood of these ground 
wires, viz., July 4. This occurred just outside the protected 
section. The overhead wires did not seem to have much 
effect. This was not of the most approved form and not much 
was to be expected of it. | 

Ground wire B. In case of this section there were fifteen 
spill-overs of all sizes over insulators under the ground 
wires and twelve more or less equivalent punctures in the ground 
connection of the overhead wires. There were six storms in 
which records are furnished, but only two in which punctures 
of spillover magnitude occurred. In one case the centre 
of discharge was just outside of the grounded section and in 
the other was directiy over it and did not extend outside. In 
the former case two insulators were shattered, one located one 
pole inside the protected section, the other four poles inside. 
This probably had little to do with the effectiveness or lack of 
effectiveness of the overhead ground wire. In the latter case, 
where the line showed зрШ-оуег$ and the attack was in the 
grounded portion, the discharges seemed to occur near the two 
ends mainly as though there had been two independent dis- 
charges. The protective power does not seem to have been 
particularly effective here. 

Overhead ground C. Records on this section are given for six 
storms, none however showing any discharges of any serious 
amount near this section. In only one case was there a notice- 
able discharge in any ground connection from the overhead 
ground wire. There was, however, no spill-over on the line 
wires on this section. This type of overhead ground 15 not a 
good one and in no case seems to have exercised much if any 
protecting power, nor to have had an opportunity to exercise any. 

Ground wire D. This section is reported in six storms, two 
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line spill-overs are shown on same pole, and nine more ог 
less prominent discharges in the ground connection of the over- 
head wires, none being larger than 0.1 in. and most being. 
smaller. No severe storms appeared to have attacked this 
section of the line. However, the two spillovers were 
fairly severe and occurred six poles from the end of the section. 
The middle pole is eleven miles from the ends. 

While the overhead ground sections as shown in the records 
are very active in discharging current, it is doubtful whether 
any of them would be wholly effective, as installed, in protecting 
the line wires from every severe discharge, such as occurred а 
number of times on this plant. It seems probable that the 
line wires would share the most severe discharges that attack 
the ground wires; the danger 15 that the latter are neither well 
enough spaced from the line wires nor often enough grounded 
completely to protect the line wires. 

Lightning rods. There were six spill-overs on the line on 
the section protected by type A lightning rods on pole tops in 
five storms, and four more or less severe punctures in lightning 
rod papers. In the storm of August 4 and 6 there was one severe 
discharge in which there were three insulators shattered on this 
section and some very severe spill-overs but the lightning 
rod papers seem to have been omitted or destroyed, except a 
few at the end away from the disturbance. А very severe dis- 
charge occurred at pole 1028 three poles: from the lightning 
rods, but no noticeable discharge occurred in the ground connec- 
tions. The line, however, was evidently not protected. Al- 
though the rods will undoubtedly take such discharges as come 
to them, they probably cannot be relied upon to protect the 
line wires and insulators. They will undoubtedly, except in 
very extreme cases, however, protect the poles from injury. 

Lightning rods B. "These rods showed minor activity in all 
or nearly all storms, and greater activity in the three August 
storms which were centered within five miles or less of this 
section. This activity consisted in a multiplicity of very fine 
punctures aggregating a good size hole in the case of some 
ten or twelve rods. In addition on July 4, there was a violent 
discharge showing what would be considered one of the most 
violent spillovers in an insulator pin ground. The center 
of the July storm was over two miles away, but some smaller 
disturbances evidently occurred nearer to this special arrester 
discharge. 
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Lightning rods C and D. These showed very much the same 
phenomena as the other types: activity with small punctures, 
many per paper—-in about one-fourth of the rods—nothing on 
many of the intermediate poles. The active poles were pretty 
evenly distributed. There were no disruptive punctures of mag- 
nitude in the lightning-rod grounds. There were, however, no dis- 
turbances in the immediate neighborhood of these rods. 

Line choke-coils. Choke-coils were located at poles 986, 1203, 
1356, 1615. The storm of August 18 was severe at pole 1356 
and moderately severe at poles 800 to 900. The tell-tale papers 
at pole 1356 were all burned up, these at pole 1203three milesaway 
were burned up in wires А and B, and a fair-size explosive 
puncture occurred at pole 1615, five miles away. Three good 
size punctures occurred also їп the coils at pole 986 in "wires 
B and C about two miles from the nearest disturbances. 

This appears to show that charges of some magnitude pass 
along the line or possibly that their effect 15 increased by oscilla- 
tion. It must be remembered that a ground on the line, last- 
ing for even a very small fraction of a second, will cause the 
full static charge of the line on the one side of the choke-coil 
to pass by to earth, not merely a charge received from the air. 
Also that a burned paper is quite likely to be merely ignited 
by a spark of some violence, when it may be subsequently con- 
sumed by natural causes. This action 1$ known to have 
actually occurred. 


ГЕ 


EFFECTIVENESS OF ARRESTERS. 


Storm of June 25, not severe. А relatively small but sharp 
discharge occurred at pole 1571, four and a half miles from the 
sub-station. Small static discharges occurred on one leg in 
the sub-station low-equivalent arresters in both series and shunt 
gaps and on one leg in the series gaps only. On the electrolytic 
at the sub-station, discharges occurred in all three legs, and two 
showed the following of a small quantity of generator current. 
The discharge on the line caused spill-overs on all three 
wires at the same pole. The low equivalents at the power 
house did not discharge. 

Storm of June 29, not severe. This storm showed no spill- 
overs except the shattering of two insulators at poles 1474 
and 1478 causing а short-circuit. There was no evidence of a 
discharge on the low-equivalent arresters at the sub-station, | 
seven miles away, nor on the electrolytics at the same place. 
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The plant was shut down by this experience. There were no 
arrester discharges at the power house. 

Storm of June 30, not severe. In this storm which at- 
tacked the line four miles out from the power house, 
all legs of the power-house low-equivalent  arresters dis- 
charged, showing signs of dynamic current in the series gaps, 
but only a good static puncture in the shunts. The power- 
house horn arresters discharged only in leg B, but showed a 
heavy burning in the tell-tale paper of the resistance shunt 
ground connection, and a smaller burning of the paper in the main 
ground. These discharges of this storm out on the line were 
relatively severe and cight insulators were shattered, distributed 
on all three wires. No injury was done to station apparatus. 
On legs A and C the only arrester to discharge was the low 
equivalent. Furthermore, on line wire C there were two heavy 
spill-overs only a mile from the station, and two more spill- 
overs a little farther off. The sub-station arresters showed 
no signs of discharge. In all probability there was no discharge 
on the line within some 35 miles of the sub-station. 

Storm of July 4, severe, no power on line. Although this 
storm, which has been already analyzed, was very severe, no 
great disturbance was manifested at the stations. The dis- 
turbance was centered at the middle of the line about 20 
miles from each end. At the power-house the horn arrester 
discharged in all phases and the low equivalent probably in 
leg C, series and shunt, and the electrolytics at the sub-station 
in leg A. The discharges in the horns were small while those 
in the others were relatively large. The low cquivalents at the 
sub-station discharged faintly in leg C. This 1s an interesting 
сазе, showing that the very severe discharges do not necessarily 
carry with power for half the length of the line. The nearest 
real spill-over to the sub-station seems to have been at pole 
1135, 14 or 15 miles away though a number of quiet static 
punctures in papers occurred around poles 1500 to 1600. The 
nearest spill-over to the power-house was the main disturbance 
over twenty miles away. 

Storm of July 13 and 14, not severe. A sharp stroke occurred 
at about a mile and a half from the power house, shattering two 
insulators on wire В and causing a number of spill-overs 
on wire С. At a point three miles from the power-house on 
wire A, there was an uncertain sort of burning in tell-tale which 
may have been a severe spill-over but probably was not. 
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At the sub-station the horn arrester discharged in all legs. 
The electrolvtic showed a heavy dynamic burn in leg А, and 
static in leg C. The low equivalents showed nothing. At the 
power house the low equivalents showed small burns in legs A 
and B, and the horn in B, with static in А and C. 

Storm of July 19, distant from line. There was considerable 
quiet static near the center of the line and many of the lightning 
rods showed small punctures, as did the overhead ground 
wires. There were however no spill-overs and no arrester 
discharges on either end of the line. This storm was said to 
be distant. Some of the punctures in the lightning rods are 
given as over 0.04 in. in diameter. Тһеу must have been 
caused by repeated discharges of very small magnitude. 

Storm of August 1, distant from line. This storm was similar 
to the last storm except that the lightning was distant to the 
west instead of to the east. There were no spill-overs and 
no activity in the lightning rods nor in the overhead grounds. 
None of the arresters discharged. 

Storm of August 4 and 6, severe, parallel to line. This storm 
was very severe at a point about 14 miles from the sub- 
station, and showed almost no activity at any other point, 
except that through the central portion activity was evident 
but in no very great violence. There are one or two doubtful 
spill-overs recorded nearer the sub-station. Except for a 
good clear static puncture in the ground connection of Фе power 
house horn on leg C, there was no discharge at the power house. 
At the sub-station, on the other hand, there were discharges in 
all legs of the horn arrester; in legs À and B, small in volume 
but perhaps as large as the 5,000 ohms series resistance will 
permit, and very numerous; and the tell-tale paper was nearly 
burned up in leg C. The electrolytic at the sub-station showed 
static in leg А, a small amount of burning in leg B, and also a 
second static discharge, and no discharge in leg C. The low 
equivalent at the sub-station showed a discharge of fair size 
in leg C, but no burning. The Hugo arrester showed discharges 
in the first gap in all legs, and in legs А in addition a heavier 
discharge in the next gap which has a less series resistance. 
The Hugo arrester is only three-quarters of a mile from the nearest 
severe discharge, occurring on leg А, which is the leg on which 
the discharge in the second arrester gap at Hugo occurred. 
This case is a good example of how quickly the energy of a trav- 
eling wave can lose its intensity. 
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Storm of August 8 and 15, severe, parallel to line. This storm 
passed from the sub-station up the line but was not severe. 
There were a few scattered spill-overs but no broken insulators. 
One heavy discharge occurred on leg C at pole 1434, about 
7 miles from the sub-station. At the sub-station the horn 
arrester discharged in all legs and held dynamic current in leg C. 
The only other indication of holding of current on any other leg 
is at the power house in leg A in the horn. Discharges occurred 
in all legs in the Hugo arresters and in one case in all three 
gaps. This suggests that the test on the arrester is more severe 
when there is no spill-over; this seems reasonable, for the 
line then has no relief at the point of attack. At the power 
house the horn discharged in all three legs and held a little in 
legs А and C. The low equivalents discharged in the power 
house in leg C and held the arc a little in the series gaps; static 
only appeared in the shunt. The electrolytic discharged at the 
sub-station in leg B. 

Storm of August 18, very severe—parallel to line. This storm 
passed up the line just as did the previous one and had a severe 
spill-over at a point about 10 miles from the sub-station 
and another at about 19 or 20 miles and a small one at 
12 miles from the power house. At the sub-station the horn 
arrester discharged in all legs, the electrolytic in legs А and B, 
and the low equivalent in leg C, series and shunt. The electro- 
lytic seemed to hold a little generator current. The Hugo ar- 
rester discharged in all phases in the first gap and in the third 
gap on legs А and B. At the power house discharges occurred 
in all legs in the horns and the low equivalent. 

Storm of September 6, not severe. No spill-overs occurred 
on the line except two or three near the center. There were 
numerous quiet static puncturings throughout the length of 
the line. The only arrester activities were at the sub-station 
where quiet disturbances occurred in legs A and B on the horns, 
in leg C on the electrolytic, and leg A on the low equivalent. The 
storm was to the east of the sub-station and not directly on the 
line. 

The remaining storms can be briefly summarized. On the 
16th of September a storm crossed the line at the power house 
and caused two shutdowns. All legs of all power-house 
arresters discharged in all gaps, and there was one spill-over 
on wire C near the power house, within a few poles of the end 
of the line. The horn showed hold-over current in all legs, the 
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low equivalent in only leg, B, and not much there. At the 
sub-station discharges occurred in the horns in legs А and B, 
and in the electrolytics in legs B and C. There was one dis- 
charge in each leg at Hugo. 

On September 18, spill-overs occurred on all wires about 
six or seven miles from the sub-station. Discharges occurred т 
the sub-station horns in all legs, and in the electrolytics in 
legs B and C. № other discharges on the svstem. 

On September 19, a storm 11 or 12 miles from the 
power house caused a discharge in all three phases in the horns 
in both stations and in phase C at the Hugo arrester. No other 
discharge occurred. 

General. Anexamination of tell-tale papers shows that the sub- 
station horn with 5,000 ohms resistance in series showed only very 
fine punctures, showing great limiting of discharge. The hornsat 
the power house having about 500 to 600 ohms of series resistance, 
and all the low-equivalent arresters, showed considerably larger 
punctures indicating a freer discharge, while the electrolytic 
would probably show a still larger puncture except for the fact 
that the charging current to the arrester itself, which usually 
follows the discharge for a few moments, burns the paper and 
enlarges the static punctures, so that it is nearly impossible 
to determine the size of the hole made by the static. Of course, 
a holding of the generator current will mask the static punctures; 
this often happened with the horn arresters as well. 

It seems highly probable from the data as to the discharges of 
arresters that the sort of disturbance making the heaviest demand 
on the station arrester is the stroke on the line which is nearly but 
not quite sufficient to cause а spill-over. This disturbance may 
send a wave the length of the line sufficient to cause arresters 
to discharge, but not severe enough to be more than the arresters 
(in this case at least) could handle. These waves go far but they 
are not enormously severe. This is an important conclusion. 
The cases in which a much more severe attack on the line causes 
a spil-over does not send as severe a wave to the station 
apparatus as the latter type. This is natural as the spark once 
established to ground will readily discharge most of the severity 
of the disturbance which would not have been able to get to 
ground without the actual establishment of a ground arc. Ex- 
ception is here made of course to the direct stroke of great 
severity at the station which still remains the most dangerous 
of all lightning attacks. It is interesting to note that the storm 
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of September 16, occurred at the power house and that no 
damage was done to apparatus, though the arresters showed 
vigorous action in all gaps. This could not have been a very 
severe disturbance. 

The arresters seldom if ever, during this season seem to have 
been put to the limit of their ability to care for the discharges: 
In no single instance on any one leg did all the sub-station ar- 
resters of various kinds discharge at the same time in all gaps. 
The Hugo arrester discharged in all three gaps only once and 
then in only one phase. At the power house, omitting the storm 
of September 16, which occurred at the power house itself, there 
were only three cases where all the available gaps on any leg 
discharged, and in one of these cases the severity of some of 
the discharges was not the maximum. This is important, and is 
part of the evidence tending to show that the waves coming 
in to the station (omitting again the direct stroke at the station 
itself) are not of enormously great volume or energy or voltage 
and can be properly handled by non-arcing arresters, even of 
the series resistance type. This conclusion is of the greatest 
importance, and seems very well substantiated by the data 
of this paper. Of course, the insulation of this line is not as 
high as can now be obtained through the newly developed in- 
sulators on the very high voltage lines, so that more severe 
waves must be expected to appear at the stations in some of the 
systems now building, but the principle is the same and addi- 
tional insulation strength can if necessary be given to station 
apparatus and circuits. 

From this line of reasoning; namely, that the limit of dis- 
charge capacity of the arresters was not reached, it may be 
concluded that the so-called sensitiveness of discharge, at least 
as between the arresters installed in this plant, is of relativelv 
no moment. Since the arresters have been able easily to care 
for all discharges, and since they have discharged often but 
rarely if ever to their limit of capacity, any greater sensitiveness 
would add nothing. In fact the less sensitive the arresters the 
better, as long as protection is secured. А certain risk is run 
every time that an arrester discharges, and they should act 
only when necessary to protect the line. The quality 
most requisite is the freedom of discharge. Furthermore, any 
degree of sensitiveness may be obtained by the proper setting of 
the initial gap and any arrester can be set as sensitively as neces- 
sary, provided only that it still remains non-arcing. 


— 
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The following is a summary of the relative action of the 
various arresters during this season: 


At the sub-station Discharges. 
Horns without low equivalent or electrolytic........ 12 
Р " " И 21 
P s electrolytiG. оре не EIS 15 
Low equivalent with electrolytic............... 2 
2 = without Ho ата 6 
Electrolytic is low едитхајеп«............. 12 


It thus becomes evident that the horn arrester is here set to 
be the more sensitive and alwavs responds, and that if either one 
of the others starts it prevents a discharge in the third. It must 
be noted that no direct discharge on to the line occurred near 
the sub-station. 


At the power-house. Discharges. 
Horn without low equivalent.................. 7 
^ with x T ышын ene. 10 
| | before 
Low equivalent without һогп................... | d 
resettinp. 


The same conclusion follows here as from the sub-station data. 

It 1s probable that the horn arrester when using series rc- 
sistance 1s not a free discharge but that either of the other types 
were, since they would seldom discharge together. 

As to non-arcing power, it may be said that the horn with 
resistance and the other types were non-arcing on this plant 
which has a relatively limited power behind it, but that the horn 
without resistance was not non-arcing. This is as expect d, 
and is shown by the numerous records of the opening of the 
circuit breakers. 

Shattering of insulators. This is a most important апа т- 
structive study. Out of forty-two injured insulators only three 
were punctured. The others were shattered, that is, had their 
petticoats cracked or broken without any direct puncture of the 
porcelain. The cause of this phenomenon, at least in the case 
of these results, must be taken to be the shock of the static 
and not at all the effect of the generator arc, as is frequently sup- 
_ posed, for in the storm of July 4 there was no power on the line 

and eight insulators were shattered. This shattering some- 
times does and sometimes does not cause a shutdown. This 
direct shattering of insulators without puncturing by the light- 
ning is startling and undoubtedly indicates that the discharge 
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is very abrupt and violent, it further indicates the difficulty of 
testing insulators for actual service conditions by laboratory 
apparatus. In addition to the 39 shattered insulators there 
were nearly 150 spill-overs that did not cause injury to the 
insulators. Inspection of tell-tale papers shows that these 
spillovers were often just as severe in many cases when no 
injury was done the insulator as in the other cases. А]- 
though the data in the paper do not enable a conclusion to be 
definitely drawn, it seems true that many of these spill-overs 
occurred without shutting down the plant. 

From the general appearances of the disturbances it seems a 
fair inference that, while the number of spill-overs was un- 
doubtedly increased by the presence of the ground wires to 
the pins, there would have been many such discharges in any 


case. This view is supported by the breaking of insulators in - 


the storm of August 18, when there were six insulators shattered 
in a section of line where the ground connections had been 
removed. А most important result follows from such a premise. 
If the discharges that are to be expected are irresistable and are 
going to ground in any case, then the great cost and mechanical 
complication that 1s proposed for manv high voltage plants may 
fail to serve the purpose expected. And also a second most 
important conclusion—which is nothing but common sense 
and has already been sometimes recognized—every insulator 
should be so constituted as, when subjected to an irresistible po- 
tential, always to fail by discharge over its surface and without 
cracking, for then often little or no inconvenience or delay will re- 
sult, while if the insulator is broken or punctured, an interruption 
and long delay for repairs may result. This point cannot be 
too much emphasized. This ideal condition seems to have been 
pretty well realized at the Taylor’s Falls plant as far as freedom 
from insulator puncture is concerned. If each spill-over had 
been a puncture it is easy to see what a serious menace it 
would have been. 

Character of individual discharges. A careful examination 
of the distribution of punctures and spill-overs indicates with 
considerable certainty that a given disturbance attacks the 
line at a very definite point and may either go over or through 
an insulator to ground, or if unable to do this to pass along the 
line to find a weaker spot or to wear itself out. It is certain that 
such a discharge, at least in this plant, will pass by at least three 
to six ungrounded poles to go to ground over a pole with a 
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grounded pin. These pin grounds occur every third pole. This 
means that the front of the static wave does not drop as much in 
potential along the line for three poles as the difference in the 
insulation strength between the grounded and the ungrounded 
poles. On the other hand, the wave will not pass by, perhaps 
ten poles, to discharge over one of the grounded pin poles. This 
indicates that the drop of potential in the wave front is greater 
in the ten poles than the difference in pole insulation strengths. 
The latter data come from the storm of August, 18 where six 
insulators on ungrounded poles were shattered within less than 
ten poles of grounded pins. In other words, not more than a 
thousand or at most a few thousand feet of the wave front 
will have travelled by an insulator before the maximum or at 
least the spill-over point is reached. This steep wave front 
corresponds to a very high frequency. It is well to notice т 
this connection that the feature that 1$ of importance is the 
steepness and magnitude of the wave front of the initial discharge 
and not the frequency in the usual sense as is generally assumed 
In rapidly decreasing oscillations such as characterize static 
discharges, if a break-down does not come at the first wave it is 
not likely to come at all. There can be no proper frequency 
unless there are several complete cycles established and the 
formulas for steady alternating currents do not apply even 
momentarily for the initial wave front. 

Damage due to a given storm 1s not usually limited to a few 
poles, it is limited but may often extend over a mile or two of 
line. This indicates that in a given stress locality there are а 
number of more or less individual discharges due to the same 
general conditions yet separate in space and perhaps a little in 
time. This conception seems very reasonable. 

It appears to the writer that the spill-overs that have been 
here considered are largely due to direct strokes, major or minor, 
actually reaching the line wires. Not necessarily all of great 
magnitude, such as the strokes that are visible for miles, but 
large enough perhaps for discharging a relatively small area or 
volume of air, even only a few hundred feet in extent. This 
seems almost an inevitable conclusion from the Taylor’s Falls 
data since the lightning rods several times showed tell-tale punc- 
tures in the ground connections exactly similar to the punctures 
in the pin tell-tale papers. These hghtning rod punctures could 
not be due to released bound charges as the static capacity 
of the rods is too small. It is further hard to conceive of such 
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concentrated discharges as are shown being due to induction 
from a distant cloud. Again it is difficult to see how enough 
energy can be stored in a short length of line wire such as seem 
to take part in most of these disturbances to do the damage 
that is manifest in the actual case. For these reasons and for 
.others the writer considers these data strongly to confirm his 
previous opinion that disturbances of the general nature of thesc 
shown here, which are almost universal in transmission lines, 
are due to direct discharges of electricity at high potential out 
of the atmosphere onto the line wire. 

A careful study of all the tell-tale papers in relation to their 
phase relation and their position on the poles shows that in a 
large majority of cases of isolated single spill-overs, the top 
insulator is not the one affected. The fact is marked when the 
total number of the specific instances recorded are considered. 
This has a most important significance, for it can indicate only 
that the charges approach from the side before the actual dis- 
charge rather than from the top, straight downward. Оп con- 
sideration this seems to be.the natural course, for although any 
gradually approaching source of disturbance will tend to come 
downward gradually, yet at storm times there are always strony 
currents of air along the ground which would certainly over- 
balance any downward motion. Downwardly moving air can 
have no place to go without passing to the side after reaching 
the earth, so that it is extremely probably that the course of 
the air will always be along the ground with a slightly upward 
or downward motion. This means that the chances are that 
the side wires as well as the top wire will sometimes be reached 
by a discharge. Of course, this does not mean that the top 
wire will never be struck nor that the same exact phenomena 
will be found everywhere else as in this case, but in such matters 
as the locating of ground wires this possibility must be clearly 
borne in mind. 

Furthermore, in some eight or ten cases of the most severe 
discharges the same pole shows spill-overs on all line wires, 
one of which (usually a side wire) is generally much lighter than 
the other two. This suggests the probability that, after such a 
very severe discharge has jumped onto one or two of the line 
wires, their potentials are so raised that thev cannot contain the 
discharge and it jumps to the third wire. This will be of course 
on account of the impedance in the ground path. This does 
not seem perhaps a remarkable conclusion but it leads to an im- 
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portant inference, namely, that if overhead ground wires are 
to protect they must be so far spaced from the line wires as to 
prevent a discharge thereto. It is evident that the power of 
these overhead ground wires to carrv a discharge to ground and 
prevent its jumping to a line wire will depend on the nearness 
of its ground connection to the point of attack. With such 
discharges as have been found in this case, which are un- 
doubtedlv tvpical of most plants, a ground connection more 
than a few poles away would be entirely inadequate. Itis 
not so necessary that this ground be a perfect one, as to some 
extent апу local rise of potential at the ground connection at 
the foot of a pole would tend to protect the line wires on the 
same pole. 

Origin of lightning. Before summarizing the above discussion, 
it will be interesting to speculate a little about the nature of the 
phenomena in the clouds from which these disturbing actions come. 
According to a recent hypothesis, the rise of potential in the clouds 
is as follows: by some cause, perhaps the action of the sun’s 
ravs, there is produced a more or less gradual ionization of the 
air in certain strata of the atmosphere some distance above the 
earth. This produces electrons, (or negative charges) and 
positive ions, (which are loose atoms of matter with a positive 
charge). At the same time there is usually an accumulation of 
water vapor in the locality. It is known by laboratory experi- 
ment that at a certain pressure, water vapor will condense on 
electrons. Whenever the necessary pressure of water vapor is 
reached undoubtedly such a condensation will occur and these 
electrons, being loaded down each with a drop of water, will 
fall to the earth or toward the earth, leaving the positively 
charged ions suspended in the air. This will, of course, raise 
the potential of the positive charge, the energy for which pro- 
cess comes from the potential energy of the water drop, which it 
possesses in virtue of its elevation and its attraction by gravity. 
As this action goes on, there is produced a higher and higher 
potential of positive electricity built up by the step-by-step with- 
drawal of the electrons by weight of the condensed water vapor 
It may also be assumed that the water vapor goes on increasing 
in pressure in the upper region until finally, at a much higher 
pressure than before, the vapor begins to condense on the 
positive ions and they also then come down gradually. 

Now as the two charged layers of air, positive and negative, 
will usually be widely separated by the wind and other agencies, 
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there will exist throughout the region, charged bodies of air or 
mist which are some positive and some negative, the negative 
getting to the earth first or being carried to some other point, 
while the positive electricity (the usual polarity of the clouds) 
remains. 

When, however, any two of these highly charged bodies of 
air of opposite sign come into the same neighborhood, there 
will be a discharge between them, if their potentials are high 
enough. This will be the well-known lightning in the clouds. 
Or if a positively charged region does not find an opportunity to 
discharge to a negative region in the air, it will gradually ap- 
proach the earth and then discharge to ground. 

Suppose that at theend of a hot daya highly charged layer of rel- 
atively cold and heavy air has accumulated above a warmer un- 
charged layer below, which has been heated by contact with the 
earth in the sunlight, much as a layer of oil may be made to sup- 
port alayer of water above it, momentarily. The equilibrium is 
evidently unstableand the lavers willoverturn atany opportunity. 
When this process starts the cool air will break through the 
lower layer of hot air and the whole cold body of air, which is 
heavily charged electrically, will come to the earth at some 
‘point while the hotter uncharged air will move to one side and 
upward to make way for it. This action suggests the cold breeze 
which so often accompanies a lightning storm. In this case, of 
course, all the charge of the air will be discharged into the earth 
at or near the point at which it breaks through the warm layer 
either in a few heavy strokes, or, more likely, in a few heavy 
ones and a great many smaller ones, ranging all the way in size 
down to brush discharges to earth or accumulations of charge 
on a line, where there is not enough power to make a direct 
discharge. 

Now this hypothesis accounts very nicely for the tentative 
assumption that a number of relatively severe flashes occur in 
one immediate neighborhood, practically simultaneously but not 
identical and not in exactly the same position. There is a large 
bulk of air to discharge and cach discharge relieves only its own 
immediate region which 1s accessible to its discharge path. 
Other regions in the neighborhood may have no discharges at 
all, for the cold or charged air has come down only at a relatively 
few places. There would presumably be other more ог less 
distant locations where the upper cold air layer would break 
through again and repeat the phenomena. 
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It is interesting to note that the effect of these ions on the 
air where a discharge is imminent, especially in the upper air, 
is greatly to reduce the jumping voltage of the intervening dis- 
tance. This is the well-known action by which one arc will 
start another, and indeed is the process by which the arc itself 
is maintained when once started. It is the presence of the ions 
and electrons in the arc path, which allows the normal voltage 
to maintain an arc which may be so much longer than the 
distance that normal voltage will jump in the first place. If it 
be assumed that the number of ions ш the upper air be con- 
siderable, this may mean that the jumping distance through the 
air in the region may not be so very much greater than the arc- 
holding distance. This would go far toward making the great 
length of many lightning strokes seem reasonable, especially in 
view of the generally accepted hypothesis that the long dis- 
charges are progressive, that is, made up of a great many shorter 
ones, following in quick succession. All the above discussion is 
purely speculative, but it helps to give a concrete idea of actions 
that are regularly observed. 

Summary. The net result of these various considerations 
may now be summarized. The Taylor’s Falls system as here 
reported was disturbed from time to time in particular localities 
along the line by lightning. In each such locality, the extent 
of which rarely extended over more than a mile or two, there 
were usually several more or less severe discharges which struck 
the line wires from the atmosphere. These charges when rela- 
tively mild charged up the line and sent waves of static in both 
directions along the line without spilling over. These waves 
though of diminishing volume were able to pass many miles 
and still cause arresters to discharge at the stations. These 
waves, however, were entirely within the power of the standard 
arresters at the stations to discharge to earth. This must 
inevitably be the case since the wave energy has to be carried 
along the line and by the capacity of the wires and the insulation 
strength of the insulators. 

When the discharges striking the line are too severe for the 
insulators to withhold, however, they pass over or through the 
insulator to earth. This may or may not cause a shutdown, 
a fractured insulator, or an injured pole. In the great majority 
of cases here reported none of these resulted, unless it may be 
that shutdowns were frequently brought about. The data are 
not quite complete on this point. In going to earth these dis- 
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charges will choose a path to earth not more than a few poles 
from the point at which they reach the line. They will exert a 
preference for the weakest of the two or three nearest poles, pro- 
vided the difference in insulation strength is great, but they will 
not go niuch farther for a ground, probably even for a dead 
ground. s 

Also in this case in which spill-overs occur, waves of static 
are sent in both directions along the line but in view of the dis- 
charge to ground at the starting point these waves are very likely 
to be of less intensity than the waves produced Ьу discharges 
into the line not quite severe enough to cause a spill-over. 
Thus a mile or two from one of even the severe strokes on the 
line the effect on the system is not especially severe. 

The abruptness of the wave front of these discharges is of the 
order perhaps of that of a periodical oscillation of 100,000 per 
second, though it may vary through wide limits. Extra severe 
discharges when they come are almost sure to reach all three 
line wires at the same point, though it seems entirely probably 
that, at least in this plant, the discharges from the air do not 
strike directly downward but come in from one side or another. 

In this district the discharges striking the line were sometimes 
very severe, so severe that they jumped freely to earth over in- 
sulators, cross-arms and poles, and with such static shock as to 
crack off petticoats in the absence of generator current. 

Little protection is obtained from lightning rods located beside 
the line. Whether protection will be obtained from overhead 
grounded wires or not depends entirely on the arrangement of 
wires, the frequency of grounding, etc. Station arresters of the 
best tvpes should, in the absence of severe discharges close to 
the station, protect adequately the station. apparatus 1 prop- 
erly insulated. 

Horn arresters as here installed with some paths to ground 
‘without adequate series resistance, are not non-arcing and can 
be relied upon occasionally to shut down the plant. On theother 
hand, both the electrolytic and the low-equivalent arresters 
showed themselves properlv non-arcing and caused no trouble 
on this score. The size of punctures in tell-tale papers pro- 
duced by the discharge of one of the waves of static after passing 
along the line in the worse case does not exceed a very few hund- 
redths of an inch in diameter, while the disturbances striking 
the line directly caused enormously greater punctures in the pin 
grounds, sometimes measuring an inch or more. 
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The above conclusions apply strictly only to this line and to 
this particular season, but it is evident that the nature of the 
phenomena must be essentially the same in most cases; and Ьу 
making a common sense allowance for different conditions and 
different numerical values of voltage, insulation strength, 
capacity, etc., the present results can be applied to almost any 
high tension line. 

In the operation of any high-tension system, it should be a 
strict rule to record and analyze all important breakdowns, 
use tell-tale papers and other recording devices where practicable, 
and to require reports of observed conditions and otherwise to 
arrive at the actual nature of the disturbances at the particular 
plant. This method of procedure though irksome, especially 
at first and if not systemized, will go far in the long run toward 
obtaining the most satisfactory operation. The educational 
effect on all persons concerned is in itself very valuable. Fur- 
ther, it forms a basis for future review of the situation should 
that become advisable. 
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DOUBLE-DECK STEAM TURBINE POWER PLANTS 


BY J. R. BIBBINS 


In the rapid development attending the introduction of the 
steam turbine, there has been but comparatively little tendency 
to introduce radical departures from accepted engine prac- 
tice. The most important changes have taken place in the 
boiler room, while in the rest of the plant very few changes have 
been inaugurated other than a general increase of compactness 
in the turbo-generating room. Outside of the tendency to 
structural foundations for generating units, there is little op- 
portunity for originality in design without involving a radical 
change in the ensemble. 

There are now in service three important examples of a newtype 
—the double-deck station. This type of station embodies striking 
originality in its departure from long-established practice, and 
in a most fortunate manner reserves for the turbine the 
benefits of certain advantages inherent to this high-speed 
prime mover. Апа it is the object of this paper to present 
in a general way some of the engineering features of this new 
type of station which, the author believes, deserve careful con- 
sideration апа ultimate acceptance as standard, at least for 
power sites of restricted area, as in cities, harbor frontages, 
hillside locations, etc. Мо attempt can be made at this time 
to make more than a cursory study of the important technical 
points involved, to each of which might properly be devoted 
an extended investigation. 

The West Point station. At the outset it will be well briefly 
'to review the most characteristic features of this station before 
proceeding with a discussion of the double-decked type in gen- 
eral; the features are: 

e 1251 
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l. Generating machinery above boilers on second floor of 
station. 

2. Weight of generating apparatus supported entirely by 
steel building skeleton. All footings carried down to the same 
stratum—rock. Вох columns 27 ft. high. 

3. Floor structure continuous, tied in from wall to wall, thus 
reinforcing over entire structure. 

4. Water-cooled floor column passing through middle of boiler 
setting to reduce weight and cost of beams spanning battery; 
all other columns straddle boiler setting. 

9. Barometric condenser hung from floor girders directly 
under turbine exhaust nozzle. Designed for moderate vacuum; 
no air pumps; adjustable cones; centrifugal type circulating 
pump. 

6. Steam piping simple and direct with few bends, draining 
back from turbine throttle; no superheat; separators in each 
supply line to turbines. 

7. All important steam header and supply lines controlled 
by pedestal extension valves from turbine floor; non-return 
valves in delivery from each boiler to prevent back-flow. 

8. Header serves largely as equalizer, hence small in size 
(8 1n.); sectioned by valves; operates practically on the unit 
system. 

9. Designed for 200 lb. pressure, high steam velocities; 
largest steam pipe in plant 8 in., hung from girders. 

10. All auxiliaries steam-driven for feed heating; open type 
heater; feed taken from condenser hot well. 

1l. Circulating pumps interconnected for relay working, 
primed by steam syphons or service pump. 

12. Pump suctions submerged 8 ft. in intake bay to avoid 
surface air; no foot-valves. | 

13. Two-story side addition accommodating transformers; 
control and protective apparatus above; heaters and auxiliaries 
below; also serves as transmission tower. 

14. Operating switchboard located in division wall, leaving 
a clear rectangular operating room, and separate switch room. 

15. Generators air-cooled by positive blast piped from out- 
side to reach cooler air and to avoid the possibility of steam 
from boiler room reaching insulation. 

16. Turbine bedplate leveled on plate girders throughout its 
length with cast lead pad 1 in. thick. 

17. Reserve exciter unit, steam-driven, exhaust to heater. 
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18. Transformers mounted on trucks to facilitate replacement 
by reserve unit provided. 

19. Ash hoist to be installed from level of ash tunnel to level 
of siding track. 

20. Crane reaches basement through removable section of 
flooring. 

21. Flue connections direct to stack; no bends. 

22. Self-supporting, brick lined, steel stack. 

23. Elevated tank in turbine room to provide head for gland 
water and building service. 


Fic. 1. 


The West Point station was designed to serve interurban 
railway lines through alternating-current sub-stations, and its 
location is reasonably near the ultimate center of the system. 
It is but a short distance from some coal mines owned by the 
company, and the site chosen, at the foot of a hill, permits the 
use of the impounded waters of two passing streams for con- 
densing purposes. With this site, coal-handling machinery was 
avoided and barometric condensers used, these several factors 
combining in the form of the double-deck arrangement. 

Compactness. As this is perhaps the controlling feature, it is 
interesting to note that the problem now lies not with the gen- 
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erating, but with the boiler plant. Familiar Corliss engine 
practice of a decade ago, involving parallel engine and boiler 
rooms of about equal size, has been superseded by a ratio of 
one to three, or more, in turbine plants, especially if the boilers 
be double-decked, as in the large New York plants. It might, 
then, seem unwise to return to a station arrangement of equal 
area, aS in the two-story building; but it will be found that other 
advantages accruing in the direction of cost and simplicity 
render this arrangement most effective, especially as the extra 
space in the turbine floor 15 usually occupied by direct-current 
converting apparatus serving nearby sections of line. 

For several years there has been a continual reduction in the 
bulk and cost of the turbine unit. To what extent, can best 
be appreciated by comparison with Corliss practice. 


Over-all floor space, 


Type of prime mover. | square feet per elec- 
| tric horse power. 
Horizontal Corliss, 500 to 1500 е.ћ,р.................. 0.7 tol 
Vertical Corliss, 1000 to 3500........................ 0.35 to 0.4 
Horizontal vertical compound Corliss, 7000............ 0.46 
Vertical 3-cyl. Corliss, 5000.............. ........... | 0.2 
Single-flow turbine, 1000 to 5000..................... ©. 17 to 0.75 
Double-flow turbine, 15.000.......................... 0.025 


Thus, in large sizes, the turbine has reduced floor areas to 
about 20 per cent. of that required by the modern vertical 
Corliss engine, and to about 10 per cent. of the horizontal 
vertical type. А detailed eomparison between single-flow and 
double-flow types follows: | ` 


Unit size. Floor space required per sq. ft. 
kw. Туре. per kw. per e.h.p. 
ГООО cio axe ears и» Single-flow 0.200 0.149 
1200 o Xe were es 0.165 0.123 
ЗОО О Боа pen “ 0.141 0.105 
JUDD а Дно а Е 0.101 | 0.075 
200. ise wine detis Double-flow 0.092 0.068 
10000 prerii s M 0.063 0.047 


Similarly in weight per kilowatt capacity. Data аге not at 
hand for comparison with complete reciprocating units, but 
without generators, large vertical Corliss engines, including 
flywheel, weigh from 320 to 500 15. per kilowatt, the weight т- 
creasing with the size, whereas the large turbine unit complete 
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weighs but a fraction, 15 to 20% of the above, and, more- 
over, the weight decreases with the size. Considering in addi- 
tion that the horizontal turbine permits the installation of aux- 
iliaries beneath, this extreme compactness practically eliminates 
it in the study of reduced floor area. 

The West Point station covers a floor area of two square feet 
per kilowatt. Considering the small size, this represents a 
high degree of compactness, relatively better than in some large 
turbine stations. The Ft. Wayne double-deck station covers 
1.42 square feet per kilowatt, ground floor plan, the New York 


Fic. 3.—General view of operating room. 


Edison Waterside, No. 2, 0.818, and the Boston Edison 2.64, 
these latter, twenty to twenty-five times the capacity, and one 
with double-decked boilers. 

Building and foundation construction. In spite of the re a- 
tively high speed, the construction of turbine machinery has 
been brought to such a state of perfection that structural 
foundations are permissible in certain types, which at once opens 
up an extensive field for originality in the arrangement of units 
and auxiliaries. For example, 1000-kw. units in a power house 
at Piedmont, W. Va., are supported entirely upon 8-inch cast 
iron pipe columns with units spaced 10-ft. centers, and all 
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auxiliaries beneath. In a power house in Philadelphia, rein- 
forced concrete posts tied into the concrete floor structure 
carry the entire weight of the generating plant. Аз the height 
of these columns is 20 or more, it is but a step further to employ 
standard column sections and elevate the machines to a height 
sufficient to. place the boilers beneath. This has been done in 
the three stations already referred to. At Fort Wayne the 
turbine floor stands 28.5 ft., and at West Point, 33 ft., above 

he boiler room on ground floor, by no means an excessive 
height. 
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Fic. 4.—Switch room, West Point. 


Here seems to be one of the most advantageous features of 
the horizontal type turbine—foundation loadings sufficiently 
distributed to permit of a light foundation structure involving, 
preferably, but two principal points of support. It might, of 
course, be possible to provide a supporting column under each 
of the three bearings; but with the possibility of unequal 
settling at the footings and temperature changes resulting from 
the proximity to boiler settings, it 1s evidently a much simpler 
solution of the problem to employ two points of support. At 
West Point only 12-in. box columns are required. 

Of course it is impossible entirely to concentrate the weight 
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of the unit on these columns. А certain proportion must be 
carried by the building walls. It is therefore desirable to 
employ a steel skeleton building, carrying the machine crane 
and roof truss loadings independently of the brick wall. This 
evidently simplifies to a large degree the problem of main- 
taining proper turbine alignment. Although strictly necessary 
only for the turbine supporting structure, the steel work may 
be extended upward to relieve the wall loading, with little, if 
any, increase in cost over that of heavier building wall 
otherwise necessary. 

At West Point, the longitudinal members between the tur- 
bines are tied together into a continuous floor structure from 
wall to wall, with the sole object of reinforcement, result- 
ing in an exceedingly rigid structure integral įwith the 
building skeleton, which has proved to be entirely devoid 
of any vibration. This applies also to the steel supporting 
columns which show no evidences of vibration. 

Girder span. In the double-deck station the problem of rela- 
tive arrangement of boiler and turbine capacity resolves itself 
into three important factors: first, number of units required; 
secondly, boiler grate surface for the required rate of com- 
bustion; and thirdly, cost of supporting steel work for different 
spans. Assuming the first fixed by the necessity of meeting a 
given station load curve, and the second by standard boiler 
practice, there remains the problem of restricting girder span 
over the boiler batteries. With the floor structure designed 
for uniform loading between supports, the weight and cost of 
girders will increase approximately with the span, as shown 
in Fig. 5, calculated. 

At West Point, a rather unusual precedent has been set 
with the object of reducing the dimensions of these cross-mem- 
bers. Instead of a single girder, spanning the entire width of 
the battery, a row of columns has been located midway. The 
forward column falls in front of the boiler setting, the rear 
pierces the setting at the division wall, thus reducing the span 
to 14 ft. 7 in., and the steel work to 18 in. I-beams. This 
column must, of course, be artificially cooled. For this purpose, 
air spaces equal in depth to the column flanges have been pro- 
vided on both sides, next the furnaces, to permit air circulation 
from below, and, in addition, cold water 15 circulated from top 
to bottom from the building service, with the result that these 
columns are the coldest in the plant. It is evident that any 
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expansion or contraction would have no effect whatever upon 
the alignment of the turbine, this occurring midway between 
the turbine piers. By this unusual expedient, longitudinal 
girders have been entirely obviated, and the weight of these 
members reduced theoretically 50 per cent, an appreciable 
percentage of the whole building structure. In the Ft. Wayne 
station, 36-in. girders span the boiler batteries with 15-п. 
I-beams interlacing. 

Boiler duty. The steam turbine is, of course, admirably 
adapted to meet the rapidly fluctuating and frequently ex- 


md 


THH 


-y x 
pt E 


ig p ee 
| 
Е lay | gp tah 


Fic. 5.—Weight of floor girders for different spans. 


cessive demands of a high-speed railway system due to a com- 
paratively small number of cars and the universal practice of 
arranging interurban schedules so that a number of cars start 
at the same time (the even or the half hour) from important 
points along the line. This overload capacity of 50 per cent. or 
more, is readily accomplished by means of secondary admission 
to the turbine, and fortunately without decreasing its economy 
to any considerable degree. To meet these fluctuations, a 
corresponding forcing capacity is required in the boiler plant. 
Recent investigation and tests have revealed an important fact; 
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viz., that the steam boiler is capable of absorbing heat with very 
nearly the same efficiency, over a very great range of load. In 
· other words, the boiler itself; that is, the type of heating surface, 
is a matter of little concern, except in detail proportions and 
arrangements of baffling, etc. This brings us to the furnace, 
which involves so many complexities, and upon which such a 
difference of opinion exists that it would scarcely be prudent to 
venture an opinion in this brief review of the subject. One 
thing is certain, however, that in order to avail ourselves of 
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Fic. 6.—Plot representing modern practice in boiler plant equipment. 


the forcing capacity of steam boilers, a type of furnace must 
be adopted in which a rate of combustion suited to the work in 
hand, may be efficiently maintained. For this reason, the 
mechanical stoker has proved an exceptionally fortunate addition 
to power plant equipment, insuring a range of generating ca- 
pacity far beyond the possibilities of hand-firing. 

The high rate of combustion desired has been made possible 
chiefly by improvements in air distribution, both under the 
coking arch and in the grate itself. Present indications 
point to a combustion rate of from 20 to 25 lb. per sq. ft. per 
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hour as a possible normal rating, whereas this formerly stood 
some 5 lb. lower. This performance involves one fundamental, 
namely, that the effective draft area of the furnace grate should . 
increase with the rate of combustion—a principle quite opposed 
to increasing the draft pressure alone with the rate of combus- 
tion 1n order to obtain the desired quantity of air. The latter 
is, of course, a fundamental weakness of the hand-fired flat grate 
furnace, in fact any furnace in which the effective draft area 
is fixed. Mechanical stoking has its limitations, especially in 
small plants with cheap labor; but in large plants subject to 
severe peaks it 1s often imperative. 

А study of modern practice in the equipment of turbine 
stations shows a comparatively uniform proportion between 
boiler and generating capacity. Eighteen modern turbine 
stations for railway and lighting service average close to 
one boiler horse power per electric horse power generating 
capacity, including, of course, a considerable boiler reserve.* 
In this connection, it is wcll to remember that the greater the 
range of boiler capacity per unit, the less the reserve necessary, 
the lower the investment in boiler plant, and the less space 
occupied. The handicap of high fixed charges to a power 
plant has already been called to the attention of the Institute 
by Messrs. Stott and Finlay. Suffice it to say that idle plant 
should be minimized in the double-deck station design. 
Several stations are below 0.75 h.p. per kilowatt. Ft. Wayne 
is 0.57, Yonkers and Port Morris 0.50; Carville at Newcastle, 
England, is only 0.44, due to liberal economizers. 

Boiler construction. With опе or two exceptions, boiler de- 
sign has followed along well-estabhshed lines. And in the 
endeavor to keep pace with the great increase in capacity of 
prime movers, the boiler plant has increased largely їп num- 
ber, instead of in size of units. But to-day boiler units of 1000 
to 2000 h.p. are in active demand. The limitations of the hand- 
fired furnace have long since been exceeded, and even those of 
the mechanical stoker in single units. The problem is essen- 
tially one of grate surface rather than heating surface; for 
this reason, the double-fired boiler has come in use. One 
of this type has already been described by Mr. Finlay. Another 
15 illustrated | in Fig. 8, а moderate size unit, employed ex- 


* Assuming one boiler out to every nine in operation, this is équivalent 
to an average evaporation of 22 lb. per kilowatt-hour, including steam 
for auxiliaries. 
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tensively in a Philadelphia traction station. Quite recently an 
1100 h.p. boiler unit of the semi-vertical type has been de- 
signed with double stokers and a central combustion chamber of 
large proportions—a very desirable feature. In the Bow Street 
station, Charing Cross, London, 1100 h.p. units of ап English 
vertical type and 800 h.p. units of the horizontal type are in 
operation, the latter with three banks of tubes, superheater 
between second and third pass. These boilers are fired on three 
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Fic. 7.—Maximum battery capacity for various widths of frontage. 


sides with flat grates at a ratio of 65 to 1. Coal is delivered 
from an overhead bunker to both front and side furnaces and 
from a point somewhat below the level of the drums, and with- 
out exceeding the critical angle, 45?. In the Interborough 
station, coal reaches both front and rear stokers from a central 
bin, without incurring an excessive angle to chutes or bends 
beyond that encountered in any double-deck boiler plant where 
chutes for the lower boilers must be carried round obstructions. 

In Table II the general dimensions of a number of large boiler 
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settings are given, together with those at West Point and 
Ft. Wayne, for comparison. At Ft. Wayne, the stokers are served 
by an exterior coal bunker running along the face of the build- 
ing. It 1s evident that any attempt to apply the double-fired 
boiler arrangement, would finally reduce to a question of crit- 
ical angle and head room. With the height between floors 
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available in the larger settings, it would seem possible to 
reach both ends of the boilers from a single side bunker, es- 
pecially with a boiler setting of moderate depth, such as is shown 
in Fig. 8. At West Point, the boilers are set farther back 
than at Ft. Wayne, in order to accommodate a coal trestle 
forming the storage. But with an external bunker, the settings 
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could be located well forward with arches in the building wall 
communicating with the room under the bunkers. Further- 
more, it would seem possible to make use of the space above 
the coal bunker for a switch room, as it would be approximately 
at the proper level.* This rearrangement permits of sufficient 
space in the rear of the boilers for flues overhead and pumps 
beneath. 

In order to indicate in a general way the possibilities of the large 
boiler units, the author has prepared a diagram showing the max- 
imum stoker grate area that may be installed in batteries of 
two boilers each, with varying spans between turbine piers, 
presupposing, of course, that the proper heating surface may 
be obtained by extending the boiler upward, whether in the 
vertical type or with an extra bank of horizontal tubes. Thus 
with a ratio of 50 to 1, a frontage of 30 ft. will accommodate 
2240 boiler h.p. maximum, sufficient to serve a 3000 kw. turbine. 
This is approximated in the 2200 h.p. battery noted in Table II, 
which 15 31 ft. over all. 

Condensers. The West Point station is an excellent example 
of the possibilities of а compact condensing plant. The baro- 
metric condensers are attached directly to the turbine exhaust. 
Here the condensers are arranged in line with the boiler fronts, 
but with a passage of over 6 ft. between boiler settings, it is 
quite evident that the condenser may be placed wherever most 
convenient, irrespective of the position of the batteries, and 
with a discharge tunnel conveniently located. 

It seems almost superfluous to emphasize the advantages of 
a short and direct connection to the condenser which obviates 
both the friction of bends and the bulk of large exhaust piping. 
The suspension at West Point permits of ап atmospheric 
relief connection between the supporting girders, resulting in a 
distance of only about 2.5 ft. from the floor level to the condenser 
head. Here the barometric condenser and horizontal turbine 
are evidently at their best advantage, both as regards com- 
pactness апа еТаепсу—ап arrangement which cannot be 
duplicated by any other type of apparatus. 


* In fact boiler fronts might be advanced to the building line, omit- 
ting the brick wall entirely from floor to roof, excepting the side wall 
of the bunker, leaving only the steel columns with a 6-ft. gallery over- 
hanging the turbine room. Switchboards might then be located as at 
West Point, in line with the steel work, with all control and protective 
apparatus behind. 


1908] BIBBINS: DOUBLE-DECK PLANTS 1265 


The degree of vacuum desirable appears to be a matter of 
opinion. With a turbine that is not unduly sensitive to vacuum, 
it would seem unwise to incur the additional complexity of ex- 
tremely high vacuum apparatus. Indeed, for the majority of 
inland plants, the high temperature of circulating water avail- 
able during the summer months would render of no avail the 
condenser plant designed for higher than 28 in. vacuum. The 
general preference seems to indicate a moderate vacuum of 27 
to 28 in., and several condenser manufacturers are now manufac- 
turing barometric condensers to maintain this vacuum without 
the use of auxiliary dry air pumps. Taking into account the 
three or four per cent. gain per inch of vacuum, it is indeed 
questionable whether it would pay to incur the additional cost 
and complexity of operation with comparatively cheap coal 
found in the middle West. But this is always an individual 
engineering problem. То give some idea of the limitations of 
cooling water temperature, it is sufficient to note that with a 
ratio of 60 of water to 1 of steam, and a condenser working to 
within 15? of the exhaust temperature, the maximum possible 
vacuum will be 28 in. with 70? and only 27.4 in. with 80? water, 
not an excessive temperature for midsummer. 

Auxiliary plant. The Ft. Wayne station employs direct- 
driven exciters at the end of the turbine shaft, each of sufficient 
capacity to operate two machines. These direct-connected ex- 
citers add 2.6 per cent. to the cost of the main unit, but as com- 
pared with the cost of an equivalent independent exciting plant, 
including reserve, they show some 20 per cent. in favor of direct 
drive. This subdivision evidently assures uninterrupted service to 
a degree almost equivalent to the standby storage battery, for 
with half the exciters inoperative there would still be ample 
capacity remaining. 

On the other hand, the same degree of voltage regulation can- 
not be obtained except with automatic voltage regulators and 
the exhaust steam of exciters such as are used at West Point, 
is unavailable for feed heating. In spite of this, а feed tem- 
perature of 160? to 180? is obtained at Ft. Wayne, and even 
200? at peak loads. 

The high-speed centrifugal pump for condenser injection works 
well into the scheme at West Point, and with syphon or other 
means for priming 15 admirably adapted to the moderate head 
to be pumped against. Moreover it is considerably more com- 
pact and delivers a constant injection, which cannot be said of 
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the long stroke, slow-speed reciprocating pump unless an air 
chamber of ample proportions be provided to prevent “ар” 
in vacuum to tide over dead center. Аз entrained air is the 
greatest deterrent to high vacuum, it is important to submerge 
the intake well below surface water, as at West Point, to avoid 
the aeration existing at the surface of the intake crib. 

The question of auxiliary drive is important. Recently it 
developed during a test that a 1000 kw., well equipped turbine 
station was using on the average nearly 24 per cent. of the 
total steam in auxiliaries. A common figure is 10 to 12 per 
cent. for plants of 1000 to 2000 kw. Hence the necessity of 
moderately economical auxiliaries. At one turbine station in 
Philadelphia the condenser discharge pump is driven by a belt 
from the turbine shaft. This, however, would not be applicable 
in the double-deck station. At Newcastle, England, all auxil- 
iaries are motor-driven, economizers being used to heat the 
feed water. It is evidently a nice engineering problem to find 
a happy medium between excessively wasteful auxiliaries, 
and low feed temperatures. 

Ventilation. In the double-deck station it 15 important to 
draw ventilating air from the outside to avoid not only the 
heat above the boilers, but also the possibility of escaping steam 
reaching the generator insulation. Some little difficulty here 
arises in avoiding structural work, but hardly to any greater 
degree than in the ordinary station. At West Point one ver- 
tical and one horizontal offset to the ventilating ducts suffice to 
clear both columns and girders. At Ft. Wayne a rectangular 
steel duct extends from one end of the building to the other in 
front of the boilers, drawing air from either end, according to 
the prevailing winds. Each gencrator then draws from this 
air header through comparatively short and direct connections. 
An auxiliary steam-driven blower in the adjoining area way 
has also been installed to assist in delivering more air to the 
generators during very hot weather and peak loads. With 
this provision against excessive temperature rises in the gen- 
erators, even under the worst conditions of atmosphere and 
load, there follows the maximum security against interruptions 
and the possibility of tiding over emergencies. 

Piping. The avoidance of long runs and bends in steam 
piping is, of course, fully as important, if not more so, than in 
exhaust piping, and with boilers beneath turbines a most simple 
and desirable arrangement is possible. In the Ft. Wayne 
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station the steam has but 30 to 35 ft. to travel between any 
turbine throttle and the boilers supplying this particular machine, 
and with only two long-sweep bends intervening. Moreover, 
piping may be most readily drained—-a point of value, even with 
superheat. At Ft. Wayne, there is a continuous slope to the 
boilers. At West Point where no superheaters are used, the 
header is drained by steam traps, separators being provided 
in each turbine line as an additional precaution. 

Under normal working conditions, therefore, the plant operates 
almost entirely on the unit system, with the interconnected 
header properly sectioned to isolate trouble in emergencies. In 
both stations each turbine line connects to the header close to the 
feeders from the boilers supplying it, so that the header operates 
simply as an equalizer between the various points of demand. 
Owing to the directness of the piping, comparatively high steam 
velocities and small pipe sizes may be employed, thus reducing 
radiation without serious drop in pressure. The great simplicity 
of this piping arrangement is well attested by the fact that at 
Ft. Wayne the cost, complete, from boiler nozzle to turbine 
throttle, was only $2.50 per kilowatt. 

Switch room. There is an excellent building arrangement at 
West Point to provide for switch room and auxiliaries. Ап 
addition to the rear of the main building accommodates the 
electrical apparatus above, and the feed pumps, circulating 
pumps, and heater below. This addition provides a rectangular 
engine and boiler room of minimum proportions, with central- 
ized auxiliary and electrical control plants, permitting the in- 
stallation of the switchboard in a most convenient position 
between the building columns, with all the high-tension ap- 
paratus in fhe rear, including high-tension bus-bars, circuit- 
breakers, and protective apparatus with transmission line out- 
lets near the roof. In the 33 ft. between floors, there is space 
for a mezzanine floor or gallery for some of the small auxiliaries, 
but this has not been made use of at West Point. То be sure 
an elevated switchboard might have been used as at Ft. Wayne, 
but the extra room required for heaters and auxiliaries, would 
necessarily have been provided in the main building at the 
cost of extra ground floor space. 

Summary. I have touched briefly upon certain features of 
the double-deck type power station, which constitutes the 
most important factors in working out a successful design. 
Inasmuch as many of the refinements of modern power stations 
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are absent, the highest operating efficiency could scarcely be 
looked for, and in the three stations already built simplicity 
has perhaps been the controlling factor, leading to minimum 
labor cost. On the other hand, non-indulgence in refinement 
has greatly reduced the first cost of the complete station. Inci- 
dentally, lower fixed charges are incurred against operation, also 
a somewhat lower rate of depreciation. The general result is а 
tendency to make the total cost of operation lower than in a 
more efficient plant with correspondingly high investment. 
The Ft. Wayne station 15 an excellent example of this prin- 


TABLE III. 
Cost oF COMPLETED POWER STATION, 8500 Kw., No Sup-SrATION AP- 


PARATUS. 


$ $ per kw. 
Building: Including general concrete and steel work, 
coal bunker, smoke flue, condenser pit, coal storage 
DIC | Por UTC ОГУЛ ОСТ 93,217 10.97 
Generating plant: Including turbines, generators, ex- 
citers, cables, switchboards, transformers, and ven- 
tilatig ducts; ооо А АЫ Е 250,711 30.55 
Boiler plant: Including boilers, superheaters, stokers. 
piping, pumps, heaters, settings, breechings, and tank. 118,313 13.92 
Condenser plant: Including condensers, pumps, piping, 


free exhausts, water tunnels, and intake screen..... 33,790 3.98 
Coal handling plant: Including gantry crane, crusher 

motors and {гасК............................... 7,990 0.94 
Erection, superintendence and engineering............ 90,500 5.94 
Total, excluding property and siding................ 063,520 66.25 


• 


ciple. Based upon the present cost, the power station when 
completed— 8500 kw. in capacity— will have cost $66.25 per 
kw. exclusive of all sub-station apparatus, property, and siding. 
For the present uncompleted plant, the cost per kilowatt 1s, of 
course, higher—-around $75 per kilowatt, including sub-station 
equipment. To show the distributed cost, Table III is quoted 
from a former paper. To many, these costs will appear excep- 
tionally low, but they are correct as far as it 1s possible to 
segregate the various items from the numerous vouchers. This 
at least will serve to show the tendency toward low station 
costs, resulting from simplicity of design. In smaller stations, 
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like that at West Point, such low cost would not, of course, 
be expected; in larger ones it should be exceeded. 

The price of coal and labor is in all cases a controling factor. 
With cheap coal, high vacuum and superheat, high-efficiency 
auxiliaries and economizers are evidently non-essential. But 
with coal above $3.00, and with city labor, conditions might at 
least justify the use of superheaters, and amplified condensing 
plant, with rotative dry-air pumps. The internal type super- 
heater is now a simple and durable apparatus for moderate 
temperatures when protected by suthcient steaming surface; 
that 1s, installed between first and second pass of tubes. "There 
15 at present a tendency in boiler practice toward the addition 
of so-called economizer surface to the boilers themselves, rather 
than in the form of external economizers. 

For the average power plant, the more moderate conditions 
of operation appear to be in favor-- 150 to 175 lb. pressure, 
75? to 125? superheat, and 27 to 258 in. vacuum. The ex- 
amples we have studied show that an extremely simple plant 
design embodying these features, is possible. That future de- 
velopment will result in still further improvement, goes without 
saying. Much credit is due the designers of these present 
stations for their courage and initiative in testing out the possi- 
bilities of the double-deck type. 
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WORKING RESULTS FROM GAS-ELECTRIC POWER 
PLANT 
REPORT OF 30-рАУ TEST ON SERVICE PLANT, RICHMOND WORKS 
AMERICAN LOCOMOTIVE Co., RICHMOND, VA. 


BY J. R. BIBBINS 

In this paper an attempt is made to present а general 
study of a problem upon which only very limited data seem 
to be available—power generation by gas-engine-driven plants, 
its commercial efficiency, and ultimate cost. I think it 
best to approach the subject from the operating standpoint, 
basing calculations upon actual working results from a specific 
case, one of demonstrated fact. Тһе Richmond tests* are con- 
clusive in this respect, and although somewhat limited in scope 
(being only a commercial test), nevertheless provide a starting 
point for further deductions. While of a somewhat cursory 
nature, it is hoped the data presented will serve at least to 
emphasize the wide field of the modern gas power plant. 

The Richmond plant. The equipment consists of a 23.5 by 33, 
horizontal, tandem gas engine, with a direct connected direct- 
current generator, operating on producer gas generated by a 
pair of 9-ft. (shells) bituminous producers. The gas is purified 
by means of wooden slat scrubbers and centrifugal tar extractor, 
motor-driven. A 15,000 cu. ft. holder serves to equalize its 
quality and to start the engine, which is necessary to bring the 
motor-driven auxiliaries into service. The engine is of the 
modern double-acting type, giving two impulses per revolution, 
and is governed by a sensitive oil relay system designed to relieve 
the governor of all valve work. Employing the constant qual- 

* Presented by courtesy of Mr. Wm. Dalton, chief engineer. 
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ity method, the ratio of air to gas is constant except when the 
gas itself changes, for which event hand-regulating dampers 
are provided. Duplicate igniters work together for increased 
security. . For the same reason duplicate sources of igniter 
current are available—motor-generator and lighting mains. 
Ап important feature of the producer is that it is designed for 
continuous operation, having a water-sealed bottom instead of 
a closed ash pit, to permit the removal of ash at any time. 
It generates its own steam, requiring no auxiliary boilers, so 
that the only auxiliaries required for the entire plant are a 
motor-driven fan, tar-extractor, and igniter set. In the aggre- 
gate these auxiliaries absorb about 5 per cent. of the station 
capacity. 

The Richmond works employ motor-drives to a considerable 
extent, and for such diversified purposes that the individual 
demands superpose to a large degree and yield a fairly constant 
total. This is a condition conducive to the most efficient | 
working of a gas power plant, and influenced to some extent 
the choice of this form of motive power in this particular loca- 
tion. Constituting the main service plant of the Richmond 
works, it is called upon for continuous 24-hour service, except 
on Sundays and holidays. 

Herein lies one essential requirement for a producer plant 
test. Owing to the comparatively long period required for a 
pound of fresh coal to work through a fuel bed several feet 
deep, а long test is necessary for any degree of accuracy. With 
the rapid combustion on a boiler grate, this is a different mat- 
ter, and an 8- or 10-hour test will suffice. But in. producer 
work, 24 hours, or 48 hours, is the minimum. In this case, 
the test was continued for practically four weeks, half of the 
time on a full load run and the remaining two weeks to three- 
fourths and one-half load respectively, with a rate of gasifica- 
tion of 0.25 tons per hour. А continuous run of 223 hours' 
duration evidently provides an excellent guarantee of accurate 
results. 

The test. From the great mass of data recorded during this 
test, it will suffice to extract only such as pertain to the opera- 
tion of a plant of this nature. The test was conducted entirely 
by the company's engineering and operating staff, and for the 
purpose of determining the fulfilment of guarantees. The 
electrical output was measured by direct-current recording 
wattmeters calibrated from a laboratory standard previous to 
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the test. The water consumption was also metered, no great 
accuracy being desired. The coal was weighed by scales checked 
from time to time by standard weights. 

Samples from such weighings, accumulated during a day's 
run, were quartered down and sealed for analysis, Table I. 

It should be noted that at full load, 312 kw., the engine was 
running somewhat below full rating, but the true full-load coal 
consumption may readily be found. For this purpose, these 
data have been plotted in Fig. 1 in the form of three related 


TABLE I. 
GENERAL RESULTS or TEST. 
Nominal Load | Full ' Three- | One 
| Quarters На! 


Length of run, ћоџг5..................... 223 125 | 136 


Average load, Ку ....................... |. 312.3 228.3 159.06 
Average load, computed boiler ћр....... 4550 333.0 238.0 
Load, рег cent. engine rating............. 91.0 67.6 47.5 
Load, рег cent. generator rating.......... |. 104.0 77.2 53.2 
Coal gasified, ћа........................ ' 115,289 04,143 : 47,775 
Coal gasified per ћг..................... 517.0 433.0 — 351.0 
Output; RENE она 69,650 28,540 ' 21,710 
Lbs. coal per Ку-һг..................... 1.654 1.607 . 2.20 
Lbs. coal per kw-hr., guaranteed... ...... 1.93 2.10 ^" 2.64 
Lbs. coal per boiler һ.р-һг............... | 1.14 1.81 1.56 
Avg. heat value of coal, B.t.u............ |. 14,392 | 14,392 14,392 
B.t.u. per Ку-һг........................ | 23,700 i| 27,280 — 31,650 
B.t.u. per boiler ћ,р-ћг.................. | 16,415 | 18,710 — 21,670 
Per cent. thermal efficiency, brake........ | 15.51 ' 13.6 | 11.75 
Per cent. thermal efficiency, elec.........., 14.35 | 12.65 | 10.78 


Coal.—Pocohontas Run-of-mine; avg. heat value dry sample, 14,70:!, 
as fired, 14,392; volatile matter, 22.8%, ash 4.5%, sulphur 1%. 
Test.—August 12, 7 a.m., to September 7, 12 m. 


curves: (a) Rate of gasification in pounds per hour; (b) Pounds 
per unit of output per hour, and (c) Corresponding thermal 
efficiency. The first mentioned curve 15 important in all an- 
alyses of steam or gas engines to determine the rationality of 
the results, for the line of heat input to the engine as well as 
to the producer should be practically straight, as developed 
during the test of a similar engine at the works of The Norton 
Company.* The second curve, showing the relative fuel 


* А. S. M. Е., December, 1907. 
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economy at variable loads, necessarily follows the form of an 
equilateral hyperbola, being derived from the line of total coal 
input. Finally, the third curve, efficiency, represents that 
part of the heat in the coal that has been converted into useful 
work. This is absolute or kinetic efficiency, and not akin to 
the ‘efficiency ratio" employed in steam-engine practice. 
It covers all losses between coal pile and switchboard.T It is 
found that the gross coal consumption of the plant at full engine 
load, is 550 Ib. per hr., or 1.59 Ib. per kw-hr., equivalent to 
approximately 1.09 Ib. per boiler h.p-hr. Апа with 400-kw. 
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Fic. 1.—Gas power plant economy at various loads. 


load, which is easily within the limits of this particular 
plant, the coal consumption would be roughly 1.5 lb. per 
kw-hr., or 1.0 per boiler h.p-hr. 

This characteristic of constantly increasing economy shown 
by the gas engine plant up to the point of maximum load illus- 
trates an essential difference from steam engine economy which 


і Taking the mechanical equivalent of heat as 776 B.t.u., the thermal 
value of one horse power is 2545 B.t.u., or of a kilowatt, 3412 B.t.u. 
Hence, absolute thermal efficiency equals 2545 per B.t.u. per b.h.p., per 
hour, or upon an electrical basis, 3412 per B.t.u. per kw-hr. 
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usually is best at loads 70 to 80 per cent. rating, according to 
the cylinder ratios employed. Although the gas economy curve 
is quite flat beyond half-load, yet the plant evidently does its 
best work well loaded. Bv projecting backward the line of 
total coal gasified, we find that it requires over one-third of the 
full-load coal to run the plant unloaded. This represents a 
standing charge against its operation, becoming less and less 
important as the load increases. Barring this constant loss, 
this plant would be capable of generating power at the rate of 
one pound of coal per kilowatt-hour, which rate would, more- 
over, be constant at all loads. In other words, additional load 
might be acquired at this rate by providing for the constant 
losses as a fixed charge. This method is actually employed 
by some central stations in determining power rates. 

During the four wecks' test, there were several days during 
which the plant was allowed to stand idle, as the works are not 
operated Sundays. During this period, some coal was required 
to keep the producer fires at their normal level and in good con- 
dition. It would, of course, have been possible to starve the 
fires during standby periods, but this would simply have resulted 
in a higher coal consumption during the succeeding run. Ас- 
cording to the judgment of the producer operator, an average 
of 1700 lb. of coal were required to compensate for standby 
losses from 6 p.m. Saturday until 7 a.m. Monday, a period of 
"37 hours. Herein lies a remarkable feature of the producer 
plant—the low rate of standby losses, averaging only 46 Ib. 
per hour, or 2.5 per cent. of the weekly coal consumption. 

Carrying this analysis one step further, Fig. 2 shows a graph- 
` ical method of determining the producer plant efficiency. Here 
are plotted three economy tests and the standby loss. Not 
knowing the heat input to the engine at various loads by actual 
test, the guarantced efficiencies have been plotted extending 
the line backward to a point of zero input. This corresponds 
to 166 kw. total losses in the engine unit. Assuming that the 
producer is maintained ready for operation, there are four 
points to determine the curve or line of prod .cer input. And 
the ratio between engine and plant output gives directly the 
gross efficiency of the gas generating plant from coal pile to 
engine throttle. This curve shows that the producer maintains 
remarkably uniform efficiency throughout the range of plant 
load. This results from the fact that at zero output of station 
the producer is operating at over one-third its full-load rate. 
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А careful measure of oil consumption was made during the 
two weeks' run at full load, comprising 223 hours' operation, 
also the water consumption of the engine. During this period, 
the average rate of cylinder oil consumption was 0.09 gal. per 
hour, or, on the basis of a ten-hour working day, 4.9 gal. per 
week. This confirms to a considerable degree, the experience at 
the Norton works, where an engine of the same size uses 3.5 to 
4 gal. per week, ten-hour day—a rate so low as to have excited 
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Fic, 2.— Graphical method of determining over-all eflicieney of producer 
plant. 


suspicion of its correctness. The high economy of oil is, how- 
ever, due to the system of timed, forced circulation emploved. 

The average quantity of cooling water used was 6.56 gal. 
per boiler h.p-hr. at heavy load with inlet temperature varving 
from 75 to 80° fahr. and outlet from 140 to 1509 fahr. This 
quantitv 1s quite reasonable for the temperature rise. Inasmuch 
as a definite quantity of heat must be removed from the engine 
at a given load, the volume of water necessarv evidently varies 
with the rise, so that in winter even less cooling water would 
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be required. Economy of water may be carried to any 
reasonable point provided the outlet temperature of any part 
does not exceed 150? fahr. The upper limit only is 1mportant. 

Operating results. It seems to be the general impression that 
a gas-power plant must be handled gingerly in order to obtain 
good results. The accompanying operating data from Rich- 
mond should dispel this impression. Fig. 3 shows tvpical re- 
sults for two months’ operation, representing, if anything, an 
output somewhat below normal. It is worth while to note the 
continuous operation throughout the week, 24 hours per day, 
and particularly the high average load sustained. The normal 
run at Richmond is six davs without stopping. In fact the pro- 
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Fic. 3.—Electrical log for two months, showing average maximum and 
minimum loads carried. 


ducer fires remained undisturbed from July 4, 1907, until early 
in the present year, when an opportunitv occurred to make 
careful inspection of the entire equipment. 

The plant has sustained a load of 410 kw. for three hours, 
19 per cent. overload on the engines, and even higher overloads 
for short periods. With rich gas, the power of the engine is 
correspondingly increased in a manner exactly analogous to 
the effect of variation in boiler pressure in a steam plant. How 
far this conservative practice may be carried depends upon the 
operator; it 15 for him to decide the limitations of his plant. 

Operating costs. From the preceding data and the other items 
of cost, the cost of power may be estimated at various load- 
factors. Owing to the fact that the present power plant was 
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made to accommodate a two-unit plant, the cost has been 
computed upon this basis; and in view of the excellent results 
that have been obtained the electrical rating of the plant has 
been placed at 700 kw., or 1000 h.p., at which rating the in- 
vestment cost becomes about $138 per kw., or $96 per boiler 
h.p. complete, including machinery, buildings, foundation, 


TABLE II. 


Cost oF Power, 700 Kw. Gas PowER PLANT. 
ASSUMPTIONS. 
Equipment cost: 
Building and тасһїпегу................................. $96.60 
Cost per kilowatt, $138, per boiler h.p., $96.60. 
Fixed charges: 
Interest 5%, taxes and insurance 1.5%, depreciation (sinking 
fund 15 years 5%), 4.63%, running repairs 1.5% on in- 
vestment. Total 12.63% per уеаг...................... 12,220 
Operation: . 
300 days, 7200 hr. per year, 5,040,000 kw-hr. 
Input to auxiliaries, 5.495 full, 10.8% half-load. 
Standby losses, producer plant, 1600 lb. per week, 2.1% full, 
3.1% half-load. | 
Fuel rate, full load, 1.59 15. +2.1% = 1.62 lb. per kw-hr.; 
3-load 2.1 1b. +3.1% = 2.17 lb. per kw-hr. 


Cost ор Power, 700-kw. TURBINE PLANT. 
ASSUMPTIONS. 
Equipment: 
Building and machinery, $100 per kilowatt................. $70,000 
Fixed charges: 
Interest 5%, taxes and insurance 1.5%; depreciation (sinking 
fund 164 yrs. at 5%) 4%; repairs 1%; total 11.5%...... 8,050 
Operation: 
300-day year, 7200 hr. 
Average water rate, full-load 21.5 lb. per kw-hr. 
Average water rate, one-half load 25.5 lb. per kw-hr. 
Gross evaporation, 7.5 to 8.0 lb. 
Standby, banking, 10 to 15%. 
Gross coal consumption, full, 2.96 lb. per kw-hr.; half, 3.9 lb. 
per kw-hr. 
Wages and supplies—Same as gas. 


piping, erection—in fact all items except the value of the land 
occupied. Considering the limited size of the plant, this does not 
represent an excessive cost, which in large plants would probably 
be as low as $100 to $125 per kw. 

In this total cost of power are included the usual fixed charges 
—interest at 5 per cent., taxes and insurance 1.5 per cent. In 
the absence of any data on repairs (there having been none on 
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the engine up to the present time, and very small repairs on 
generator and producer), this item has for convenience been in- 
cluded in the fixed charges at 1.5 per cent. on the plant in- 
vestment. Further, depreciation has been included in the 


form of a sinking fund, based upon 15 years' life of plant at 


TABLE III. 

Cost PER KiLowaTT-HouvR AND HorRSE-POWER-YEAR, Gas PLANT. 
Cost items Full load Half load 
Cents per kw-hr. 
Оо PEPPER at $1.00 0.081 0.109 
2.00 0.1062 0.217 
4.00 0.324 0.434 
6.00 0.486 0.651 
ее рег уеаг, $6.160 0.121 0.242 
SUP DIGGS cios io e bi en e S н 3.850 0.076 0.143 
Fixed c€hatgess sod se ox a Parme ж 12,200 0.242 0.484 
Total costs—coal at $1.00........................ 0.520 0.978 
ООУР ЕРМЕ 0.601 1.086 
Richmond соа1....2.70........................ 0.658 1.163 
BOO os aser EHE BR 0.763 1.303 
OO Frise teed oe etree aca aoe 0.925 1.520 


Dollars per electric h.p. year 
Equivalent. power rate: 


300-day year, coal at 81.00...................%:7.90 $52.40 
200 coe v aeta ve ba en Bax 78.20 
2.40. . 30.60 62.40 
EEUU oues Ras acce eae 41.00 69.90 
ООба зло Каче 49.60 81.50 
Charges for auxiliaries if motor-driven............ 2.7% 7.4% 
Saving gas over steam: 
(COSI аА а ett te aug ate ва а 1.00 -——38% loss — 8.502 loss 
2.00 +8% gain +0.9% gain 
2.70 12.9% " 4.7% “ 
4.00 19.6% “ 12.4% “ 
6.00 33.7% “ 19.0% “ 


5 per cent. interest. This latter method may be contrary to 
general practice, but considering the nature of the depreciation 
fund and its earning capacity, the annuity method seems most 
logical. 

These costs are shown in Table III. Based on 300-day opera- 
tion, 7200 hours per year, the fixed costs are distributed only 
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over the operating period, not over the entire year. And, as- 
suming the price of coal largely determined by location, the 
efficiencies at various loads are considered constant, irrespective 
of the price of coal. Both standby losses and power consump- 
tion charges have been included. Аз we are considering ап 
industrial plant in which the load averages practically uniform 
throughout the day, it suffices to estimate power costs at full 
and half loads respectively. This has been done in Table ПІ 
for various coal prices. Coal prices are based upon net ton. 
The results show that at the price of fuel at Richmond, $2.70, 
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Fic. 4.—Graphical method of determining comparative cost efficiency, 

producer gas versus steam turbine plant for Richmond conditions. 

' 

power can be delivered at switchboard at a cost of two-thirds 
of a cent per kilowatt-hour for a fully loaded plant operating 
1200 hours per year, or less than 1.25 cents operating at half- 
load, and this taking into account fixed charges which range 
around 40 per cent. of the total cost. Even with coal as high 
as $6 per ton, the total cost of power would be under one cent 
per kilowatt-hour, obviously an excellent result. 

Relative cost of gas and steam power. That there may be no 
misunderstanding of the preceding cost results, a comparison 
has been drawn up for a steam turbine plant operating under 
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the same load. This comparison covers only two variable 
factors, coal cost and loading. Апа, while not intended to be 
of more than tentative interest, it will serve to show the gen- 
eral range of working in which the gas and the turbine plant 
wil respectively predominate. The assumptions upon which 
this comparison is based, are given in Table II, the costs are 
embodied in Fig. 4, and the relative saving in Table III. 

At the price of coal prevailing in Richmond, the gas plant 
shows 18 per cent. gain over steam at full load, and 5 per cent. at 
half load. Owing to the handicap of higher fixed charges, the 
turbine plant naturally shows a lower power cost with low- 
priced coal; that is, where freight rates are low. But even a 
mine operator is not justified in charging himself for power 
fuel less than the prevailing market price (f.o.b. mines). For 
the high-grade fuels, the mine rates are about $1.25 for run-of- 
mine and $0.90 for slack and screenings. Hence, in reality, 
this gas power system influences an extensive field. It is 
evident from the diagram that a less efficient prime mover than 
the steam turbine would show a cost-line lying not only above 
but at a greater inclination than the turbine line, which would 
bring the point of equal cost between gas and steam to a still 
lower price of coal, and largely increase the saving. In Fig. 4 
the crossing of the steam and gas lines indicates the starting 
point of gas power work— $1.25 coal for a fully loaded plant, 
and $1.60 at half-load. Or, considering the matter in another 
hght, with steam coal at $2.70, we could afford to pay about $4 
for gas coal for the same cost of power. 

On the other hand, with light loads or fluctuating loads av- 
eraging but a fraction of the generating capacity, the gas plant 
is evidently at a disadvantage. And for this reason the turbine 
plant still finds exclusive application in all service subject to 
extreme overloads of variations. In fact, with the extension 
of a large electric power system, such as at the Richmond works, 
it is possible that a combined gas-engine-turbine plant may 
best meet load requirements with the highest resultant economy, 
the turbine unit carrying fluctuating peaks and the gas engines 
the uniform load, as suggested by Mr. H. С. Stott. At present, 
hot gas-engine jacket-water is utilized. directly for boiler feed 
in an auxiliary air-compressing plant, although charged for in 
the cost table. This arrangement would, of course, be even 
more applicable to the combined plant, permitting most of the 
auxiliaries to be motor-driven without loss of heat for feed water. 


А paper to be presented at the 25th annual conven- 
tiom of the American İnstitute of Electrecal 
Engineers, Atlantic City, №. J.. June 29- July 
2, 1908. 
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А. PREFACE 


The discussion of the theory, practical operation, and possi- 
bilities of wireless telephony is facilitated by first briefly con- 
sidering the history of the development of wireless signaling 
generally. 


B. Brier HISTORY OF THE DEVELOPMENT OF WIRELESS SIG- 
NALING 


1. Introduction. In preparing this note it has been considered 
best, for the sake of accuracy, to refer to published results, such 
as scientific articles or theses or patent specifications. For the 
sake of brevity, references to work done in repetition of pre- 
viously published work has as a rule been omitted. So far as 
possible, the expression of personal opinion has been avoided 
in this section of the paper, the object being to gather together 
in concise form the facts known in regard to the development 
of the art. With the exception of Munk’s original paper, which 
could not be obtained, all references have been verified by con- 
sulting the original publications, a work of some labor, and if 
any omissions or mistakes have been made data for their cor- 
rection will be much appreciated. | 

2. Period 1838-1897. Origin and Development of ОЧ от 
Damped Wave-coherer Method, Joseph Henry, to whose work 
the development of wire telegraphy owes so much, was the first 
(1838-1842) to produce high frequency electrical oscillations, 
and to point out and experimentally demonstrate the fact 
that the discharge of a condenser is under certain conditions 
oscillatory, or, as he puts it, consists “of a principal discharge 
in one direction and then several reflex actions backward and 
forward, cach more feeble than the preceding until equilibrium 
is attained "'.! 

This view was also later adopted by Helmholz? but the mathe- 
matical demonstration of the fact was first given by Lord Kelvin 
in his paper on '' Transient Electric Currents ’’.* 

In 1870 Van Bezold discovered and experimentally demon- 
strated the fact that the advancing and reflected oscillations 
produced in conductors by a condenser discharge gave rise to 
interference phenomena.* 

Scientific Writings of Joseph Henry, Smithsonian Institution. 
. Helmholz “ Erhaltung der Kraft’’, Berlin, 1847. 


. Kelvin, Philosophical Magazine, June, 1853. 
. Van Bezold, Poggerndorff's Annalen, 140, p. 541. 


moh = 
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In 1883 Professor Fitzgerald suggested at a British. Associa- 
tion meeting! that electromagnetic waves could be generated by 
the discharge of a condenser, but the suggestion was not followed 
up, possibly because no means was known for detecting the 
waves. | 

Hertz? discovered a method of detecting such waves by means 
of a minute spark-gap and before March 30, 1888, had concluded 
his remarkable series of rescarches in which for the first time 
electromagnetic waves were actually produced by a spark-gap 
and radiating conductor and received and detected at a distance 
by a tuned receiving circuit. 

Hertz changed the frequency of his radiated waves by altering 
the inductance or capacity of his radiating conductor or antenna, 
and reflected and focused the electromagnetic waves, thus 
demonstrating the correctness of Maxwell’s electromagnetic 
theory of light. | 

Lodge later in the same year read а paper оп the “ Protection 
of Buildings from Lightning '?, before the Society of Arts, in 
which he described a number of interesting experiments on 
oscillatory discharges. 

Great interest was excited by the experiments of Hertz, 
primarily on account of their immense scientific importance. 
It was not long, however, before several eminent scientists 
perceived that the property possessed by the Hertz waves of 
passing through fog and material obstacles made them par- 
ticularly suitable for use for electric signaling. 

Professor Elihu Thomson in a lecture delivered at Lynn, Mass., 
on “ Alternating Currents and Electric Waves", in 1889, sug- 
gested this use. 

Sir William Crookes in the Fortnightly Review for February, 
1892, discussed the matter in some detail. I quote his state- 
ment in full as it shows what a clear conception he had of the 
possibilities and obstacles to be overcome: 

Here is unfolded to us a new and astonishing world, one which it is 
hard to conceive should contain no possibilities of transmitting and re- 
ceiving intelligence. 


Rays of light will not pierce through a wall, nor, as we know only too 
well, through a London fog. But the electrical vibrations of a yard or 


1. Fitzgerald ‘Опа method of producing Electromagnetic Disturbances 
of comparatively short wave lengths”. Report of British Association, 
1883. | 

2. Hertz “ Electric Waves ”. 

3. Lodge Society of Arts, 1888. 
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more in wave length of which I have spoken will easily pierce such medium, 
which to them will be transparent. Here, then, is revealed the be- 
wildering possibility of telegraphy without wires, posts, cables, or any 
of our present costly appliances. Granted a few reasonable postulates, 
the whole thing comes well within the realms of possible fulfilment. At 
the present time experimentalists are able to generate electrical waves 
of any desired wave-length from a few feet upwards, and to keep up a 
succession of such waves radiating into space in all directions. It is 
possible, too, with some of these rays, if not with all, to refract them 
through suitably shaped bodies acting as lenses, and so direct a sheaf of 
rays in any given direction; enormous lens-shaped masses of pitch and 
similar bodies have been used for this purpose. Also an experimentalist 
at a distance can receive some, if not all, of these rays on a properly con- 
stituted instrument, and by concerted signals messages in the Morse code 
can thus pass from one operator to another What, therefore, remains 
to be discovered is—firstly, simpler and more certain means of generating 
electrical rays of any desired wave-length, from the shortest, say of a few 
feet in length, which will easily pass through buildings and fogs, to those 
long waves whose lengths are measured by tens, hundreds, and thousands 
of miles; secondlv, more delicate receivers, which will respond to wave- 
lengths between certain defined limits and be silent to all others; thirdly, 
means of darting the sheaf of rays in any desired direction, whether by 
lenses or reflectors, by the help of which the sensitiveness of the receiver 
(apparently the most difficult of the problems to be solved) would not 
need to be so delicate as when the rays to be picked up are simply radia- 
ting into space in all directions, and fading away according to the law of 
inverse squares. 

I assume here that the progress of discovery would give instruments 
capable of adjustment by turning a screw or altering the length of a wire, 
so as to become receptive of wave-lengths of any preconcerted length. 
Thus, when adjusted to 50 yards, the transmitter might emit, and the 
receiver respond to, rays varving between 45 to 55 yards, and be silent 
to all others. Considering that there would be the whole range of waves 
to choose from, varying from a few feet to several thousand miles, there 
would be sufficient secrecy, for curiosity the most inveterate would surely 
recoil from the task of passing in review all the millions of possible wave- 
lengths on the remote chance of ultimately hitting on the particular 
wave-length employed by his friends whose correspondence he wished to 
tap. By "coding " the message even this remote chance of surreptitious 
straying could be obviated. 

This 15 no mere dream of a visionary philosopher. АН the requisites 
needed to bring it within the grasp of daily life are well within the possi- 
hilities of discovery, and are so reasonable and so clearly in the path of 
researches which are now being actively prosecuted in every capital of 
Europe that we may any day expect to hear that they have emerged 
from the realms of speculation into those of sober fact. Even now, in- 
deed, telegraphing without wires is possible within a restricted radius of 
a few hundred yards, and some years ago I assisted at experiments where 
messages were transmitted from one part of a house to another without 
an intervening wire by almost the identical means here described. 
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The statement in the last paragraph of the quotation refers 
to the work of Professor David E. Hughes.! Professors Elihu 
Thomson and E. J. Houston in 1876 made a number of experi- 
ments and observations on high frequency oscillatory dis- 
charges.’ 

Professor Dolbear also suggested the same thing in an article 
in Donahoe's Magazine, March, 1893. 

In fact the idea of using Hertzian waves for wireless teleg- 
raphy seems to have been quite widespread in the years im- 
mediately following Hertz's publications. 

Fairly efficient means of generating electromagnetic waves of 
any desired length had been made known by Hertz. Vertical 
antennas connected with the ground had been previously used 
for sending and receiving by Dolbear in 1882 in connection 
with his system for telegraphing by electrostatic induction? and 
also later by Edison and others. 

Hertz's receiver, the minute spark-gap, was not suited for 
wireless telegraphy and before any telegraphic work could be 
done a suitable receiver had to be found. 

The fact that tubes containing conducting powders had their 
resistance altered by the discharge of a Leyden jar and that 
the original resistance could be restored by tapping the tube 
was first noted by Munk in 1835.* 

In 1890 Branly showed that such a tube would respond to 
sparks produced at a distance from it.? 

In 1892, at the meeting of the British Association at. Edin- 
burgh, Professor George Forbes suggested that such a tube 
would respond to Hertzian waves. 

In 1893 Professor Minchen demonstrated experimentally 
that such powders would respond to electromagnetic waves 
generated at a distance." He used a battery and galvanometer 
shunted around the powder to detect the effect of the waves. 

Sir Oliver J. Lodge on June 1, 1594, delivered a lecture before 
the Royal Institution.’ In this remarkable lecture Lodge de- 
scribed among other things the following: 

1. For Report of this work see Electrician, May 5, 1899. 

2. Journal Franklin Institute, April 1876. 

3. Dolbear U. S. patent 350,299, March 24, 1882. 

4. See {Guthe “ Coherer action” Transactions of the International 
. Electrical Congress, St. Louis, 1904, page 242. 

5. Branley, Comtes Rendues, 1890, page 785, and 1891, page 90. 

6. Minchen, Proceedings Physical Society, London 1803, расе 455. 

7. Sir О. J. Lodge, “ The Work of Hertz ", Proceedings Royal Institu- 
tion, June 1, 1904, Vol. 14, page 321. 
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1. The filings coherer. 

2. The filings coherer in hydrogen under reduced pressure 
(this in a note added July, 1894). 

3. The automatic tapper back for the coherer. 

4. The metallic reflector for focusing the waves. 

5. The connection of the coherer to a grounded conductor; 
1.е., a gas pipe system. 

. The method of making the coherer so connected respond 
m m up oscillations in a separate grounded system, 1.е., 
a hot-water pipe system, in another part of the building. 

7. The method of detecting distant thunder storms by con- 
necting the coherer to a grounded gas pipe system. 

In this lecture Professor Lodge stated that in his estimate 
the apparatus used would respond to signals at a distance of 
half a шие. 

Early in 1895 Professor Popoff' of Cronstadt, Russia, con- 
structed a very sensitive filings coherer, one form of which was 
used in some surveying experiments by the Russian govern- 
ment,” consisting of iron filings suspended by a magnet and 
resting upon a metallic plate or cup. He used early in 1895, 
the automatic tapping back mechanism, and substituted for 
the galvanometer an ordinary telegraphic relay. Не operated 
this apparatus at a distance by means of a large Hertzian 
radiator. One terminal of his coherer was connected to a con- 
ductor fastened to a mast about 30 ft. high on the top of the 
Institute building and the other terminal of the coherer was 
grounded. 

At the conclusion of his paper, which is dated December, 
1895, Popoff made the following statement * In conclusion I 
can express the hope that my apparatus, with further improve- 
ments of same, may be adapted to the transmission of signals 
at a distance by the aid of quick electric vibrations, as soon as 
the source of such vibrations, possessing sufficient energy, will 
be found." 

Among other experimenters who were working on this sub- 
ject at the same time may be mentioned Captain Jackson of 
the British Navy, and Mr. А. C. Brown. 

Marconi, on June 2, 1896, filed a provisional specification? 

1. Journal Russian Physico-Chemical Society, Voi.27. April 25,1895, 

2. А. S. Popoff, “ Apparatus for detection and registration of electrical 
vibrations ", Journal Russian Physico-Chemical Society, Vol. 28, Dec. 
1395. 

3. Marconi, Great Britain patent, 12,039, 1896. 
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showing two forms of apparatus, one similar to Lodge’s 1894 
apparatus using ungrounded aerials for both sending and re- 
ceiving and the other for use “ when transmitting through the 
earth or water” substantially identical with Lodge’s 1894 
and. Popoff's 1895 apparatus, with tapper back etc., and the 
receiving antenna only being grounded. 

Soon after, in July 1896, Marconi arrived in England and 
made a number of experiments for the English Post Office at 
Salisbury Plain and elsewhere, using ungrounded aerials and 
parabolic reflectors and succeeded in reaching nearly two miles. 

On March 2, 1897, Marconi filed the complete specification 
in which was included a statement that the transmitting antenna 
also could be grounded. 

Lodge filed a provisional specification! showing radiating 
spheres but no antenna on May 10, 1897. The complete specifi- 
cation filed on Feb. 5, 1898, shows as one form both antennze 
grounded and also the use of an inductance wound in the form 
of a coil for the purpose of diminishing the rate of damping 
of the waves. | 

So far as is known little work was done in America during this 
period. The writer made some experiments in 1896 and іп 
conjunction with two of his students, Messrs. Bennett and 
Bradshaw, did considerable work on receivers of various type 
in the winter of 1896 and spring of 1897, the results of which 
were incorporated in a thesis.? 

3. 1898. Return to First Principles and Foundation, on lines 
Antithetical to Old, oj New or Sustained Oscillation-non-micro phonic 
Receiver Method. Up to the year 1898, as may be seen from the 
above, the development of wireless telegraphy had proceeded 
along a single line. In that year, however, an entirely new 
method of wireless telegraphy was developed, characterized by 
a return to first principles, the abandonment of the previously 
used methods and by the introduction of methods in almost every 
respect their exact antitheses. 

While the coherer is of more or less interest theoretically it 
is not adapted for use for telegraphic purposes. Responding as 
it does to voltage rises above a certain limit it does not dis- 
criminate between impulses of different characters, and is there- 
fore peculiarly susceptible to interfering signals and atmospheric 
disturbances, and the operation of coherer systems cannot be 


1. Lodge, Great Britain, patent, 11,575, 1897. 
2. Western University of Pennsylvania, May, 1897. 
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guaranteed during the summer months or in the tropics. 
Roughly speaking a coherer acts by starting an arc and making 
a short-circuit on the line every time a signal is received, which 
short-circuit persists until it is broken by a blow from an ad- 
ditional mechanism, and such a method of operation is obvi- 
ously far from practical. In addition it is practically im- 
possible to obtain sharp tuning in a local circuit containing a 
coherer; its action 1s always more or less erratic, its electrostatic 
capacity variable, and it is insensitive. 

At the sending end the energy which can be liberated by the 
discharge of an antenna is limited and in the form used prior 
to 1897 the dampening is so great that there are only a few 
oscillations per spark. ў 

Lodge! by placing а coil of large inductance in the antenna 
throttled down the amount of energy radiated per oscillation 
and so obtained with the same limited amount of energy derived 
from the charged antenna, an increase in the time of dampening. 

Braun? patented the method of using a local oscillatory circuit 
connected to an antenna, the local oscillatory circuit having a 
much longer period than the natural period of the antenna and 
of a different order of magnitude. Such a system, however, 
does not radiate energy appreciably, and produces a damped 
wave. 

This dampening and the limited amount of energy obtainable 
by charging and discharging the antenna operates to prevent 
sharp tuning and working over long distances. 

The coherer 1s well adapted for working with damped waves, 
but the coherer-damped wave method can never be developed 
into a practical telegraph system. It is a question whether the 
invention of the coherer has not been on the whole a misfortune 
as tending to lead the development of the art astray intó im- 
practicable and futile lines and thereby retarding the develop- 
ment of a really practical system. | 

The fact that no coherer-damped wave system could ever be 
developed into a practically operative telegraph system, and 
the fact that it was necessary to return to fjrst principles and 
initiate а new line of development along engineering rather 
than laboratory lines was perceived in America in 1898? and а 

1. Lodge, Great Britian, patent 11,575, 1897. 

2. Braun, German patent 11,578, Oct. 14, 1898. 


3. Proceedings American Institute of Electrical Engineers, Nov. 1899, 
p. 635 and Nov. 20, 1906, p. 781. 
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new method was advised which may be called the Sustained 
Oscillation-non-microphonic Receiver method as opposed to the 
Damped Oscillation-coherer method previously used. 

4. Fundamental Differences between the Old and New Wireless 


Schools. 


in tabulated form: 


Damped Oscillation-coherer 


А1: 


СІ: 


Method 


Damped oscillations are pro- Al: 


duced at the sending end. 


The energy transmitted is ob- 2: 


tained by charging the antenna 
and discharging it. 


А spark gap is used for pro- 3: 


ducing the oscillations. 


Imperfect or microphonic con- BI: 


tact receivers are used. 


The action of the receiver de- 2: 


pends upon the voltage rise 
and is independent of the 
amount of energy received. 


An open tuned circuit is used 3: 


for receiving. 


The receiving circuit is tuned 4: 


to the wave frequency only. 


In transmitting messages the СІ: 


production of the electromag- 
netic waves is intermittent. 


The wave energy flux is inter- 2: 


mittent. 
А high voltage is used. З: 
Comparatively short wave 4: 


lengths are used. 


The differences between the two methods are shown 


Sustained Oscillation-non-micropho- 


nic Method. 
Sustained oscillations are pro- 
duced at the sending end. 


The energy transmitted is de- 
rived from a local source and 
not from the antenna. 


An arc or high frequency 
dynamo is generally used for' 
producing the oscillations. 


Non-microphonic contact re- 
ceivers are used. 


The receiver response is deter- 
mined by the integral amount 
of energv received. 


A closed tuned circuit is used 
for receiving. 


The receiving circuit may ђе 
tuned to a group frequency as 
well as to the wave frequency. 


The waves are preferably gen- 
erated continuously and the 
transmission accomplished by 
changing the character of the 
wave. 


The wave energy flux is con- 
stant. 


A low voltage is used. 


Comparatively long wave 
lengths are used. 
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The signals consist of dots and 5: The signals may consist of dots 

dashes, whose interpretation only, whose interpretation de- 

is fixed. pends on the station sending 
and receiving. 


D1: Antenne are used adapted, D1: The antennz are preferably 


roughly speaking, to utilize arranged so as to utilize the 
the electrostatic component of other component of the electro- 
the electromagnetic waves. magnetic waves instead of the 


electrostatic component. 


The history of these two antithetical lines of development 
will be treated of separately. 

5. Period 1898-1902 A. Development and Perfecting of Sus- 
tained Oscillation-non-microphonic Receiver Method (a) The cur- 
rent-operated receiver. The first essential for the development 
of the system was, of course, a quantitatively responsive re- 
ceiver. Several forms of this were tried including the mod- 
ification of the Boys’ radio-micrometer (consisting of a light 
thermo couple suspended in the field of a permanent magnet 
and heated by radiation from a wire which in turn was heated 
by the current to be detected) described by the writer at the 
Columbus meeting of the Amcrican Association in 1897.! This 
was abandoned in favor of Professor Elihu Thomson's alter- 
nating-current galvanomcter? suitably modified for telegraphic 
work.? | 

Among other forms of current-operated receiver may be men- 
tioned the following. 

The Hot-wire Barretter,* consisting of a minute platinum wire 
a few hundred thousandths of an inch in diameter and approxi- 
mately а hundredth of an inch in length. The term '' barretter "' 
was coined for this device for the reason that it differs essen- 
tially from the bolometer of Langley in that it is arranged to be 
affected by external sources of radiant heat as little as possible 
instead of as much as possible, and, to have an extremely small 
specific heat, an object not sought in the case of the bolometer. 

The Liquid Ваттейе in which the change of resistance is 
effected by heating a liquid, the concentration of path being 
obtained by means of a fine platinum wire point. Some question 
. Electrician, June 24, 1904. 

. Elihu Thomson, U. S. patent 363,185, Jan. 26, 1887. 
. О, S. patents 706,736 and 706,737, Dec. 15, 1899. 


. U. S. patent 706,744, June 6, 1902. 
. U. S. patent 727,331, April 9, 1903. 
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has been raised as to the theory of operation of this device but 
I think there is no question but that the effect is due to heat, 
though what per cent. of the effect is due to change 1n ohmic 
conductivity by heat and what per cent. 15 due to depolarization 
by heat is still, as originally stated by the writer,! uncertain. 
The facts that the device operates practically equally well 
irrespective of which terminal is connected to the local battery, 
and that the effect varies as the square of the alternating cur- 
rent (as a hcat operated device should do) instead of directly 
with the alternating current as a rectifier would do, and that 
depolarization is produced by the heat, have been confirmed by 
Dr. L. W. Austin? The writer has experimentally determined 
the fact that though the electrical impulses may have a duration 
of less than a millionth part of a second the change in resistance 
persists for approximately the ten thousandth part of a second, 
which would seem to show conclusively that the action is not a 
direct effect of the waves. 

(b) Methods of Obtaining Sustained Oscillations. 1. Spark- 
gap and Local Oscillatory or “ tank’’ Circuit. Professor Elihu 
Thomson discovered that by using a transformer without an 
iron core (the well known Elihu Thomson air-core transformer, 
later used by Tesla and others), and а spark-gap and con- 
denser in the primary circuit and with the secondary circuit 
` suitably tuned great resonant rises of potential could be obtained. 
In 1892 he constructed such a transformer giving discharges 64 
inches long.? 

The same method was later used by Tesla‘ in his experimental 
researches and in his attempt to carry out Loomis'* method 
of transmitting a current through a hypothetical conducting 
stratum 1n the upper regions of the atmosphere. 

The device, suitably modified for wireless telegraphic pur- 
poses, so as to give instead of a continuously cumulative rise of 
potential an initial rise of potential followed by a gradual feeding 
in of the energy from the local circuit to supply the energy lost 
from radiation, was made use of in 1898 for the purpose of pro- 
ducing prolonged trains of sustained waves. 

Various types of connection between the antenna and the 
local oscillatory circuit were tested but it was found that the 

1. Ibid. 

2. Austin, Bulletin of the Bureau о} Standards, Vol. 2 No. 2. 

3. Electrical World, Feb. 20 and 27, 1892. 


4. U. S. patent 645,516, Sept. 2, 1807. 
5. Loomis, U. 5. patent, 129,971, July 30, 1872. 
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most efficient. results were obtained by connecting the local 
circuit directly across the spark-gap.! 

The results of some comparative tests are here given. The 
figures in the column “А ” are for the local circuit connected 
directly to the terminals of the spark-gap, those in column * B " 
are for an’ auto-transformer, those in column “С” for a loose 
coupled primary and secondary. 


A B C 
Frequency ........212,000 212,000 212,000 
Tank capacity ..... 0.072 m.f. 0.072 m.f. 0.072 m f. 
Kilowatt output dy- 
пат coa ie xe 30 30 30 
Tank current...... 400 amperes 370 amperes 300 amperes 
Antenna current... 48.5 46. 48. 


The large station at Brant Rock is operated with the local 
circuit. directly connected across the spark-gap, partly because 
the efhciency 1s somewhat greater. but also on account of the 
great simplification of connections and the fact that the degree 
of sustainment of the wave train may be adjusted very simply, 
if desired, by sliding the lower terminal of the antenna along a 
few inches of the lead of the local oscillatory circuit. 

Cooper Hewitt? in 1902 used a modification of his mercury 
lamp to obtain intermittent discharges each followed by a 
train of high frequency oscillations. 

2. rc methods. The worker with high frequency oscillatory 
currents will soon discover that we are indebted to the genius 
of Professor Elihu Thomson for practically every device of any 
importance in this art. 

The method of producing high frequency oscillations. from 
an arc and continuous current was discovered by him in 1892.3 
Fig. 1, taken from his patent, shows the general form of his 
arrangement. И the directions given in the specification are 
followed no difficulty will be met with in obtaining frequencies 
as high as 50,000 per second. 

Between 1900 and 1902 some experiments were carried out 
with the Ehhu Thomson arc as a source of high frequency 
oscillations for wireless telegraphy and telephony. 

some difficulties were found, for example the arc could not be 
started and stopped as quickly as was necessary for telegraphic 

1. U. S. patents 706,735 and 706,736, Dec. 15, 1899. 

2. Cooper Hewitt, U. S. patent 780,999, April 25, 1902. 

3. Elihu Thomson U. S. patent 500,630, July 18, 1892. 
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purposes and the intensity of the oscillations and their frequency 
varied considerably. These were overcome by making some 
minor improvements, for example the difficulty in sending was 
overcome by permitting the arc to run continuously and using 
the key to change the electrical constants of the circuits.! The 
difficulty in keeping the intensity and frequency constant was 
overcome by substituting resistance for a portion of the in- 
ductance, and also by using the arc under pressure.” 

Tests made by Dr. Austin? show that with this method fre- 
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quencies as high as 3,000,000 per second and efficiencies as 
high as 605%, can be obtained together with an absolutely steady 
generation of the high frequency currents and an absence of 
harmonic frequencies. 

3. High frequency alternator. The first high frequency alter- 
nator was built by Professor Elihu Thomson in 1889.4 And it 


1. Ц. S. patents 706,742, July 6, 1902, 706,747, Sept. 28, 1901, 727,330, 
March 21, 1903, 730,753, April 9, 1903. 

2. Ibid and U. S. patent 706,741. 

3. Austin, Bulletin oj the Bureau oj Standards, Vol. 3. No. 2. 

4. Thomson, Elec.Engineer, July 30,1890 and London Elec. Sept.12,1890. 
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was while experimenting with it in 1900 that Dr. Tatum made 
his very interesting discovery that high frequency currents of 
large amperage could be passed through the body without 
injury.! 

From 1898 to 1900 numerous experiments were made on 
antenne of large capacity and it was found that instead of using 
sheets of solid metal or wire netting, single wires could be placed 
at a considerable fraction of the wave-length apart and yet give 
practically the same capacity effect as if the space between 
them were filled with solid conductors. 

From other investigations on the variation of radiation witli 
frequency the result was arrived at that it should be possible 
to construct an alternating-current dynamo of sufficiently high 
frequency and output to give ample radiation for wireless 
telegraphic purposes.” 


Fic. A 


In 1900 a large American electrical manufacturing com- 
pany kindly consented to take up the construction of such a 
dynamo. Аза preliminary, a dynamo of 1 kw. output and 10,000 
cycles (shown in Fig. A) was built in 1902. By the summer of 1906 
many of the difficulties had been overcome and a machine giving 
50,000 cycles was installed at the Brant Rock station. Various 
improvements were made by the writer's assistants, and in the 
fall of 1906 the dynamo was working regularly at 75,000 cycles, 
with an output of half a kilowatt and was being used for telc- 
phoning to Plymouth, a distance of approximately 11 miles. 
In the following year machines were constructed having a fre- 


|. Thomson, Elec. Engineer, March 11, 1891, 
2. Ц, 8. patent 706,737, May 29, 1901. 
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quency of 100,000 cycles per second and outputs of 1 and 2 
kilowatts. 

The credit for the development of this machine 15 due to 
Messrs. Steinmetz, Haskins, Alexanderson, Dempster, and Geisen- 
honer and also to the writer's assistants, Messrs. Stein and 
Mansbendel. 

(c) Closed tuned circuits. In 1898 the open tuned circuits 
originally used were discarded for closed tuned circuits' and 
it was discovered that valuable selective effects could be ob- 
tained by placing the condenser in shunt to the inductance 
instead of in series with 1t.? 

(4) Combination of wave and group tuning. The fact that if 
selectivity 15 obtained solely by tuning to wave frequencies, 
the number of stations is limited, was appreciated at an early 
date. In 19003 а new method was developed, the stations being 
tuned both to the wave frequency and to an independent or 
group frequency, so that stations might obtain selectivity by 
varying either the wave or the group frequency and thus have 
at their disposal a virtually unlimited number of combinations 
and be practically free from atmospheric disturbances. Fig. C 
shows a type of group tuner. 

(b) Further development of damped wave-coherer method, 
Marconi by 1898 had carried the development of the filings 
coherer to its maximum point. 

Lodge in 18974 had disclosed the open secondary circuit for 
receiving. 

Marconi in 18985 greatly improved this by adjusting the length 
of the secondary so as to tune it, and by the aid of this im- 
provement was enabled to telegraph a distance of 35 miles? in 
October, 1899. 

Lodge in 19027 invented what 1$ perhaps the most perfect 
form of coherer, consisting of a thin steel disc dipping in oil 
covered mercury and automatically decohered by being kept in 
continuous rotation. 

A number of self-restoring coherers of which the Brown? 
U. S. patents 706,735 and 706,736, Dec. 15, 1899. 
Ibid. | 
О. 5. patents 727,325, June 2, 1900, and 727,330 March 21, 1908. 
Lodge, Great Britain patent, 11,575, May 10, 1897 
Marconi, Great Britain patent, 12,326, June 1, 1898. 
. Official report U. S. Navy of test U. S. S. Massachusetts, Oct. 1899. 
. Lodge, Muirhead and Robinson, Great Britain patent, 13,521, June 
14, 1902. | 

8. Brown and Neilson, Great Britain patent, 28,955, Рес, 17, 1896, 


моў Ары 


1298 FESSENDEN: WIRELESS TELEPHONY [June 29 


carbon coherer may be taken as a type, including the mercury 
carbon coherer of Solari, came into more or less extended use, 
and also modifications of the imperfect contact receiver of 
Neugschwender.' 

The small progress made along these lines is to be explained 
by the fact that the damped wave-coherer system is essentially 
and fundamentally incapable of development into a practical 
system. 


Fria. C. 


Period 1902-1908—Later Developments. Progress in Europe 
since 1902 has been marked by the gradual abandonment of the 
elements of the damped wave-coherer system and the substi- 
tution of elements of the sustained wave non-microphonic con- 
tact type. 

In 1900" Marconi substituted for the plain aerial an aerial 


1. A. Neugschwender, Wied. Ann. der Phystk, 1899, vol. 67, р. 430. 
2. Marconi, Great Britain, patent, 7,777, Apr. 26, 1900. 
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with the writer's tuned local circuit or tank circuit for sending. 
thus obtaining a considerable increase in range of transmission. 

In 1902, Marconi invented а very ingenious form of current 
operated receiver, called the magnetic detector!, and with this 
combination achieved some very remarkable results. 

In 1905 Professor Fleming? invented a very efficient detector 
based on the '' Edison effect " in incandescent lamps, and the 
observations of Elster and Geitel® on the rectifying effect of such 
an arrangement on Hertzian oscillations. 

Virtually nothing was done in Europe in the way of producing 
sustained oscillations by the arc or high frequency method until 
recently, possibly because of Duddell’s erroneous statement* 
to the effect that frequencies much above 10,000 could not be 
obtained by the Elihu Thomson arc method, and Fleming's 
statement? that an abrupt impulse was necessary and that high 
frequency currents, even if of sufficient. frequency, could not 
produce radiation. 

In 1903 Poulsen® invented an interesting modification of the 
Elihu Thomson arc, which consists in forming the arc in hydro- 
gen instead of in air or compressed gas as previously done. This 
modification is not, however, so efficient as the older methods and 
gives oscillations varying in amplitude and intensity and ac- 
companied by strong harmonies,’ but I have considered it worth 
mentioning on account of the amount of interest it appears to 
have excited ш Europe. 

some very important and interesting papers on electrical 
oscillations were published during these years by Oberbeck," 
Wien,” Drude,'" and BJerknes.!! 

In America the development of the sustained oscillation non- 
microphonic system has proceeded steadily and it may now 
be said to have reached the stage of commercial practicability. 


1. Marconi, Great Britain, patent, 10,245, 1902. 

2. Fleming, Proceedings Royal Society London, 1905, Vol. 74. 

3. Elster and Geitel, Wicd. Ann der Physic, Vol. 52, page 433. 
4. Duddell, The Electrician, 1903, Vol. LI, page 902. 

5. Fleming, Proceedings of the International. Congress, St. Louis, 1904, 
ol. 3, page 603. 

6. Poulsen С. 5. patent 789,449, June 19, 1908. 

7. Austin, Bulletin of the Витсан of Staudards, Vol. 3 No. 2. 

8. Oberbeck Wied. Ann. der Physik, Vol. 55, 1895. 

9. Wied Ann. der Physik Vol. 8, 1902. 

10. Drude A»n. der Physik, Vol. 13, 1904. 

11. Bjerknes, Ann. der Physik, Vol. 44, 1891, and Vol. 47, 1892. 
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On account of the amount of work which has been done it would 
be impossible to refer to more than a few of the recent advances. 

The following are some of the later types of detectors: 

The frictional receiver,! in which the waves produce a change 
of friction between two moving surfaces and so cause an indica- 
tion. 

The heterodyne receiver? in which a local field of force actuated 
by a continuous source of high frequency oscillations interacts 


Fic. B. 


with a field produced by the received oscillations and creates 
beats of an audible frequency. 

The so called thermoelectric receivers of Austin? Pickard‘ and 
Dunwoody.* 
The ''audion" of deForest,® a very interesting and sensitive 


— 


. U. S. application, 251,538, March 22, 1905. 

. 0. S. application, 271,539, June 28, 1905. 
. Austin, U. S. application, 319,241, May 29, 1906. 
Pickard, U. S. application, 342,465, Nov. 8, 1906. 
. Dunwoody, patent, 837,616, March 23, 1906. 

. deForest, U. S. patent, 836,070, Jan. 18, 1906. 
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device, which though superficially resembling Professor Fleming's 
rectifier appears to act on an entirely different principle. 

The Cooper Hewitt mercury receiver, about which little is known 
but which appears to be very sensitive. 

The following are some of the later methods of producing sus- 
tained oscillations: 

The substitution oj a number of arcs in series having terminals 
of large heat capacity in place of the single arc in the arc method.! 

The use of regulating or '' fly-wheel ” circuits in connection with 
the arc method? - 

The method of producing oscillations shown in Fig. B by 


Fic. C. 


using two arcs and throwing the discharge from one side to 
the other alternately at a frequency regulated by the constants 
of the electric circuit.’ 

The condenser dynamo‘ which consists of two radially slotted 
discs separated by a mica diaphragm, charged by a continuous 
current source of potential, and rotating in opposite directions. 

Two-phase high frequency dynamo method.® 


. Ч. 5. application, 291,737, Dec. 14, 1905. 
Ibid. 

. Ibid. 

. U. S. application, 291,739, Dec. 14, 1905. 

. U. S. patent, 793,649, March 30, 1905. 
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Commutator method.' In this method the high frequency is 
produced by means of a ball rotating at high speed on the interior 
surface of a commutator. Shown in Fig. С. 

The heliwm arc method" in which the arc is produced in helium 
ог argon or similar gases. 

The critical pressure method? т which the electrodes extend 
within a certain critical distance, depending upon the pressure 
used, so that the discharge always passes at the same voltage 
irrespective of the distance between the electrodes. 

Methods of Signaling. Continuous production о] waves but 
changing constants of sending circuit.‘ 

The inverted method of sending and the method of signaling 
by sending dots, the interpretation of which is determined by 
similar commutators at the sending and receiving stations. 


Fic. L. 


Duplex and Multiplex Methods. A considerable number of these 
have been worked out, mostly operating either by balance 
methods’ or commutators.^ И is impossible to discuss all the 
various improvements, such for example as the method of in- 
dicating the busy and free state of a station, the methods of 
sending and receiving in one direction, the various types of 
aerials used for receiving the other components of the electro- 
magnetic waves besides the electrostatic component, etc. 


1. U. S. application, 316,521, May 12, 1906. 

2. С. 5. application, 351,560, Jan. 7, 1907. 

3. U. S. application, 355,787, Feb. 4, 1907. 

4. U. 8. patents 700,747, Sept. 28, 1901; 706,742, June 6, 1902; 727,747, 
March 21, 1903. 

9. U. S. application, 366,528, April 5, 1907. 

6. С. S. patent, 793,652, April 6, 1905. 
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Fig. L shows the harmonic interrupter for determining the 
variation of intensity with change of note. 

Fig. M shows a type of receiver described in U. S. Patent 
706,747, in which the telephone diaphram is formed of thin 
copper and repelled by a fixed coil having a resistance of about 
16 ohms. The principle of this receiver was discovered by 
Professor Elihu Thomson. 1 has been used for wireless tele- 
phony for a distance of 11 miles with fairly satisfactory results. 

Fig. N shows a transformer used in the transmitting circuit. 
The number of primary and secondary turns can be altered 
continuously, and also the degree of coupling. The wire is 
wound off from an insulating cylinder onto a cylinder of copper, 
and the cylinder of copper, forming a closed circuit secondary 


Fic. M. 


of the transformer, annuls the inductance of that portion of 
the wire wound upon the copper cylinder. 

Fig. O shows an apparatus for determining the best shape of 
coil for use with the heterodyne receiver. 

Fig. P shows a group-tuned call; that is, a vibration galvano- 
meter which operates a selenium cell and rings a bell when a 
call is received. 


C. THEORY OF WIRELESS TELEPHONY 

For wireless telephony three things are necessary: 

1. Means for radiating a stream of electrical waves sufficiently 
continuous to transmit the upper harmonics on which the 
quality of the talking depends. 

2. Means for modulating this stream of waves in accordance 
with the sound waves. 
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3. А continuously responsive receiver giving indications pro- 
portional to the energy received, and capable of responding with 
sufficient rapidity to the speech harmonics. 

Work on the wireless telephone was commenced before a 
satisfactory means was discovered for producing sustained 
oscillations. 

To ascertain the number of sparks per second which was 
necessary to determine articulate speech, a phonograph cylinder 
was taken and grooves were cut in it longitudinally. It was 
found in this way that practical transmission could be accom- 
plished with 10,000 breaks per second. It is believed now that 
this number is unnecessarily high, possibly owing to the fact 
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that it was impossible to cut the grooves on the cylinder without 
producing ridges. The lower limit may be fixed in another way. 

Electrical circuits met with in actual working have resistance, 
self inductance capacity, and leakance. Heaviside gave the 
differential equations for the pressure and current over such cir- 
cuits when alternating voltages were applied, but no method 
of solution being known the mathematical treatment of such 
circuits was restricted to cases where one of the constants was 
neglected, until Dr. A. E. Kennelly in a masterly series of papers 
gave the complete solution. 

The results were immediately found applicable to a great 
variety of problems, such as the transmission of signals through 
cables and of telephonic speech through various types of circuits. 
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In this way Dr. Kennelly' by comparing the results obtained 
by Dr. Hammond V. Hayes? in practical telephonic transmission 
over loaded lines with the theoretical values of the current for 
different harmonics showed that harmonics above 2,000 per 
second could be neglected for telephonic transmission. 

The writer has never succeeded in obtaining good talking with 
such a low frequency, but under favorable conditions fairly 
satisfactory speech may be obtained with 5,000 interruptions 
per second. For really good transmission, however, the radia- 
tion must be practically. continuous, for if the spark frequency is 
less than 20,000 per second there is а disagreeable high pitch 


Fic. O. 


note in the telephone, not noticeable perhaps at first but apt 
to become annoying with use. The most satisfactory way is, 
of course, to use a source of sustained oscillations. 

It fortunately happens that for wireless telephonic purposes 
it is inadvisab]e to use a wave frequency of less than 25,000 per 
second, on account of the difficulty in radiating energy with 
low frequencies. 

1. Kennelly, “ Distribution of Pressure and Current pver Alternating 
Current Circuits '', Harvard Engineering Journal, 1906, page 43. 


2. Hayes, ‘‘ Loaded Telephone Lines in Practice”, Transactions 
International Electrical Congress, St. Louis, Vol. 3. 
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The receiver must, of course, be continuously responsive. 
If, for example, it had to be tapped back in order to restore it 
to the responsive condition, speech could not be transmitted. 

It must also give indications proportional to the energy re- 
ceived or the character of the speech will be distorted. 

It must also respond with sufficient rapidity. If, for example, 
it takes a thousandth of a second to restore itself to its original 
resistance the receiver will obviously not record the higher 
harmonics. I have experimentally determined that a receiver 
which restores itself in the ten thousandth part of a second acts 
with sufficient rapidity. 


D. History oF THE DEVELOPMENT OF WIRELESS TELEPHONY 
The writer has been asked on several occasions how the wire- 
less telephone came to be invented. In November, 1899, shortly 
prior to the delivery of my previous paper,' while experimenting 
with the receiver shown in Fig. 3 of that paper, I made some 
experiments with a Wehnelt interrupter for operating the in- 
duction coil used for sending. 
. In the receiver mentioned the ring of a short-period Elihu 
Thomson oscillating current galvanometer rests on three supports, 
i.e., two pivots and a carbon block, and a telephone receiver is 
in circuit with the carbon block. A storage battery being used 
in the receiver circuit? it was noticed that when the sending key 
was kept down at the sending station for a long dash the peculiar 
wailing sound of the Wehnelt interrupter was reproduced with 
absolute fidelity in the receiving telephone. It at once sug- 
gested itself that by using a source with a frequency above 
audibility wireless telephony could be accomplished. 

Professor Kintner, who was at that time assisting me in these 
experiments and to whose aid their success 1s very largely due, 
was kind enough to make the drawinys for an interrupter to 
give 10,000 breaks per second. Mr. Brashear, the celebrated 
optician kindly consented to make up the apparatus and it was 
completed in January or February, 1900. | 

The experimental work was, however, delayed as the writer 
was at that time transferring his laboratory from Allegheny, 
Pa., to Rock Point, Md., and it was not until six months later 
that the stations at that point were completed and a suitable 
mast was erected for trying the apparatus. 


1. Transactions American Institute Electrical Engineers, Nov. 22, 1899. 
2. Ц. S. patent, 700,736, December 15, 1899. 


1308 FESSENDEN: WIRELESS TELEPHONY [June 29 


The first experiments were made in the fall of 1900 with the 
above mentioned apparatus which was supposed to give 10,000 
sparks per second but which probably gave less. Transmission 
over a distance of one mile was attained but the character of 
the speech was not good and it was accompanied by an ex- 
tremely loud and disagreeable noise, due to the irregularity of 
the spark. 

By the end of 1903 fairly satisfactory speech had been ob- 
tained by the arc method above referred to, but it was still 
accompanied by a disagreeable hissing noise. In 1904 and 
1905 both the arc method and another method in which the 
10,000 cycle alternator above referred to was employed, had 
been developed to such an extent that the apparatus 
could be used practically and sets were advertised and 
tendered to the U. 5. Government.' The transmission was, 
however, still not absolutely perfect. 

By the fall of 1906 the high frequency alternator had been 
brought to a practical shape and was used for telephoning from 
Brant Rock to Plymouth, a distance of 11 miles, and to a small 
fishing schooner,’ this being the first instance in which wireless 
telephony was put in practical use. The transmission was perfect 


1. Letter of July 8, 1905; see The Electrician, London, Feb. 22, 1907; 
also catalogue of 1904 and subsequent. 


2. An amusing instance may be mentioned as illustrating the in- 
credulity with which the wireless telephone was received. Some of the 
local papers having published an account of the experiments with the 
schooner above referred to the following appeared under the heading 
“ Current News and Notes " in the columns of a prominent technical 
journal, Nov. 10, 19006. 

" А New Fish Story.—]t is stated from Massachusetts that the wire- 
less telephone has successfully entered into the deep sea fishing in- 
dustry.. For the last week experiments have been conducted by the 
wireless telegraph station at Brant Rock, which is equipped with a wire- 
less telephone, with a small vessel stationed in the fleet of the South 
Shore fishermen, twelve miles out in Massachusetts Вау. Recently, 
it is asserted, the fishermen wished to learn the prices ruling in the Boston 
market. The operator on the wireless fitted boat called up Brant Rock 
and telephoned the fishermen’s request. The land operator asked Boston 
by wire and the answer was forwarded back to the fishermen. This is 
a rather fishy fish story ” | 

The doubt expressed was, however, only natural. I remember the 
astonishment displayed by one of the company's new operators some 
months previously on placing the receiving telephone to his head while 
the vessel was almost out of sight of land and hearing the operator at 
the land station call his name and begin to talk to him. 


P9. 
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and was admitted by telephone experts to be more distinct 
than that over wire lines, the sound of breathing and the slightest 
inflections of the voice being reproduced with the utmost fidelity. 

As it was realized that the use of the wireless telephone would 
be seriously curtailed unless it could be operated in conjunction 
with wire lines, telephone relavs were invented both for the 
receiving and transmitting ends and were found to operate 
satisfactorily, speech being transmitted over a wire line to the 
station at Brant Rock, retransmitted there wirelessly by a 
telephone relay, received wirelessly at Plymouth and there 
relayed out again on another wire line. On Dec. 11, 1906, invita- 
tions were issued to a number of scientific men to witness the 
operation of the wireless transmission in conjunction with the 
wire lines.! A report of these tests appeared in the American 
Telephone Journal of Jan. 26 and Feb. 2, 1907, the editor being 
one of the men present. 

In July 1907 the range was considerably extended and speech 
was successfully transmitted between Brant Rock and Jamaica, 
Long Island, a distance of nearly 200 miles, in daylight and 
mostly over land, the mast at Jamaica being approximately 
180 ft. high. 

In 1907 several European experimenters succeeded in trans- 
mitting speech wirelessly, using some of the carlier forms of 
the writer’s arc method, and some months ago the vessels of 


1. Brant Rock, Mass., Dec. 11, 1906. 
American Telephone Journal, 100 William St., New York City. ! 

Dear Sirs: A limited number of invitations have been issued to 
witness the operation of the National Electric Signaling Co's. wireless 
telephone system between Brant Rock and Plymouth, Mass., over а 
distance of between ten and eleven miles. 

The tests will be as follows: 

1. Transmission of ordinary speech, and also transmission of phono- 
graphic talking and music by wireless telephone between Brant Rock and 
Plymouth. ` 

2. Transmission of speech over ordinary wire line to wireless station 
at Brant Rock, relaying the speech there automatically by telephone 
relay and automatically transmitting the speech by wireless to Plymouth, 
transmitting same at Plymouth automatically directly or by telephone 
relay over regular wire line. 

Invitations have been issued to the following gentlemen, (here follows 
list of some of the guests, including Dr. A. E. Kennelly, Professor Elihu 
Thomson, etc., and a request to the company to send a representative). 

Yours very truly, 
National Electric Signaling Co. 


2. "Long Distance Wireless Telephony," The Electrician, Oct. 4, 1907. 
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our Pacific squadron were equipped with wireless telephones, 
using this arc method, by another American company. 


E. METHODS AND APPARATUS 


1. Methods and apparatus for producing the electromagnetic 
waves. These have been already referred to. Fig. 2 shows a 
rotating spark-gap giving approximately 20,000 discharges per 
second. This was connected to а 5,000-volt source of direct 


Fic. 2. 


current. The terminals are of 40'% platinum-iridium. In 
operation the apparatus is arranged to charge a condenser to a 
definite potential and discharge it. 

Figs. 3 and 4 show forms of apparatus for operating the arc 
in a gas under pressure. 

The apparatus of Fig. 4 15 also used for the arc in vacuum and 
the critical distance arc. 

Fig. 5 shows а multiple gap with rotating electrodes, brass, 
amalgamated zinc and graphite being used. 
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Fig. 6 shows a multiple arc gap with electrodes of different 
materials, the upper terminals being water cooled. 

Fig. 7 shows a condenser dynamo. 

Fig. 8 shows a general view of one type of high frequency 
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alternator. It is driven by a motor and a DeLaval gear. It has 
been operated at 96,000 cycles per second, but is generally run 
at 81,700. 

Fig. 9 shows a field disc; it is 12 inches in diameter and there 
are 300 slots on it. | 


1312 FESSENDEN: WIRELESS TELEPHONY [June 29 


Fig. 10 shows the armature and field coils. There are 600 
armature slots each containing two turns of 13 mil wire. The 
field current is 5 amperes. The resistance of the armature is 
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6 ohms; it gives 160 volts and about 7 or 8 amperes. Other 
armatures have been constructed having a resistance of 4 ohms. 
For some work double armatures are used giving about 270 
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volts. The output of the single armature machines at 81,700 
cycles is approximately one kilowatt. The output of the double 
armature machine 1s approximately 2 kilowatts. 
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Other types of high frequency alternators are under construc- 
tion. Onetype shown in Fig. 11 is designed for use on shipboard. 
The armature disc is 6 inches in diameter and two armatures are 
used. Itisarranged to be mounted on gimbals and to be driven 
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by a steam turbine connected to the steam pipe by flexible 
armored steam hose. The frequency is about 100,000 and the 
output about 3 kilowatts. 

Another type, which is at present being constructed by Mr. 


1314 FESSENDEN: WIRELESS TELEPHONY [June 29 


p ay ” v | 
т Е || 

AE. 

I! * am Vi 

a 

| 
adi Е $^ е / um > Е А ~ 
gr Я 


| gw OBEB qoo. N. 
| ~ al [з 
E Pam 


\ 


1908] FESSENDEN: WIRELESS TELEPHONY 1315 


Alexanderson, to whose efforts the success of this type of gen- 
erator is largely due, is designed to have an output of 10 kilo- 
watts. Designs have been made for a generator of still larger 
size with a calculated output of 50 kilowatts and a frequency 
of 50,000. This machine is intended for Translantic work. 

For some of these machines, instead of driving by gear or 
steam turbine, a special two-cycle motor has been devised, to 
operate at a frequency of 500 cycles per second. 

The high frequency alternator method is believed to possess 
a.number of advantages over other methods, inasmuch as 1t is 
set in operation by merely opening a steam valve and has no 
complicated electrical apparatus or circuits of any kind. The 
speed is regulated by the steam pressure, this being accomplished 
by an electrically operated reducing valve. 


Fic. 9. 


For measuring the frequency various speed indicators have 
been tried, but it has been found that the best way 15 to use a 
resonant circuit with an ammeter shown in Fig. D in it,' this 
being an extremely sensitive means of indicating the frequency 
and in addition affording a means of automatically keeping 
the speed constant to a small fraction of а percent. The reducing 
valve is adjusted so that if left to itself the machine will run 
slightly above speed. As soon as it reaches one-tenth of one per 
cent. higher than its designed speed the resonance begins to fall 
and a contact is opened which slightly throttles the steam. In 
this way the frequency is kept varying between the limits 
of one-tenth of one per cent. above speed and one-tenth 


l. Electrical World and Engineer, Nov. 11, 1899. 
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of one per cent. below speed. Where the drive is electric 
instead of by turbine, a storage battery 1s used to drive the two- 
phase generator and even better results may be obtained as 
regards regulation than with steam. 

2. Transmitters. The types of transmitters most commonly 
used are the carbon transmitter and static transmitter, and the 
carbon transmitter relay. 
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Fig. 12 shows the standard type of carbon transmitter. 

It was found that the ordinary carbon transmitter was un- 
suited for wireless telephonic work on account of its inability 
to handle large amounts of power. А new type of transmitter 
was therefore designed which the writer has called the '' trough ” 
transmitter. It consists of a soapstone annulus to which are 
clamped two plates with platinum iridium electrodes. Through 
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a hole in the center of one plate passes a rod, attached at one 
end to a diaphragm and at the other to a platinum iridium spade. 
The two outside clectrodes are water-jacketed. 

This transmitter requires no adjusting. АП that is necessary 
is to place a teaspoonful of carbon granules in the central space. 
It is able to carry as much as 15 amperes continuously without 
the articulation falling off appreciably. It has the advantage 


Fic .13. 


that it never packs. The reason for this appears to be that 
when the carbon on one side heats and expands the electrode 15 
pushed over against the carbon on the other side. "These trans- 
mitters have handled amounts of energy up to one-half horse 
power, and under these circumstances give remarkably clear and 
perfect articulation and may be left in circuit for hours at a time. 
Fig. 13 shows а modified form with split back. 
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Fig. 14 shows a type of condenser transmitter in which the 
vibration of the diaphragm alters the electrical capacity of the 
transmitter, thus throwing the circuit in and out of tune or 
spilling more or less energy through a leakage circuit. 

Fig. 15 shows. а transmitting relay for strong currents. The 
only thing noticeable about this is that the telephone magnet 
is a differential one. : 

Fig. 16 shows another type of transmitting relay, for amplify- 
ing very feeble currents. It will readily be understood that 
where a person in Albany, for example, wishes to talk to another 
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person on board a ship off New York, the wireless station being 
located near New York, the volume of the transmission received 
at New York will not be very strong, and while it may be possible 
to transmit it without amplification, amplification 1s advisable. 

This receiver is a combination of the differential magnetic 
relay and the trough transmitter. Ап amplification of fifteen 
times can be obtained without loss of distinctness. The side 
electrodes of the trough are water-jacketed. The successful 
amplification depends upon the use of strong forces and upon 
keeping the moment of inertia of the moving parts as small as 


Digitized by Google 


1322 FESSENDEN: WIRELESS TELEPHONY [June 29 


possible. Amplification may also be obtained by mechanical 
means but as a rule this method introduces scratching noises 
which are very objectionable even though comparatively faint. 

Other types of transmitters have also been used, such as 
liquid jet transmitters, Fig. 17 transmitters operating by clos- 
ing the air-gap in a magnetic circuit, and so changing the induc- 
tance of the oscillating circuit, etc. 

Fig. E shows a loud-speaking telephone receiver. А small 
iron disk is placed opposite a nozzle through which air at high 
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pressure is blown. As is well known, this causes the disk to 
be held close to the nozzle. The telephone magnets alter the 
position of the disk and thus produce very loud talking. 

The transmitting relays are connected in the wire line circuit 
in the same way as the regular telephone relay, except that in 
place of being inserted in the middle of the line they are placed. 
in the wireless station and an artificial line 1s used for balancing. 
There is no difficulty met with on the wireless side of the appar- 
atus, but on the wire line side there are the well-known difficulties 
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due to unbalancing which have not yet been entirely overcome. 
For the correction of these difficulties, therefore, we must look 
to the engineers of the wire telephone companies. At present 


Fic. 17. 


the difficulties are if anything less than those met with in relaying 


on wire lines alone. 
3. Transmitting circuits. Fig. 18! shows a type of arc circuit. 


1. U. S. patents Nos. 700,742, June 6, 1902 and 730,753, April 9, 1903. 
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Fig. 19! shows a suitable type of connection for use with a 
high frequency alternator. 

Fig. 20? shows a type of circuit for use with the condenser 
transmitter. 

Fig. 21* shows a type of circuit in which the modulation 1s 
accomplished by changing the inductance of one of the oscillating 
circuits. 

As a matter of fact the transmitter may be placed almost 


anywhere in the circuit between the arc or dynamo and the 

antenna, or between the arc or dynamo and ground, or in the 

transformer circuit, or in shunt to an inductance or capacity, 

the results obtained in all cases being indistinguishable. The 

sole criterion of success seems to be that the transmitter should 

be capable of handling the energy and the circuit should be 
1. U. S. patent No. 706,742, June 6, 1902. 


2. U. S. patent No. 706,747, Sept. 28, 1901. 
3. U. S. patent No. 706,747, Sept. 28, 1901. 
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properly adjusted. Some success has also been attained by 
placing the transmitter in the field of the dynamo* but this 
method requires very careful designing of the field circuit. 

4. Receivers. The receiver which the writer has found most 
satisfactory for general purposes is the liquid barretter. Fig. 
22 and 23 shows this receiver. It consists of a fine platinum 
wire, about a ten thousandth of an inch in diameter immersed in 
nitric acid. Tests made with this receiver show that it responds 
without apparent loss of efficiency to notes as high as 5000 per 
second. Some very careful measurements recently made by 
my assistants, Messrs. Glaubitz and Stein, give the following 
results: 


= 
= 


Fig.19 
Кил 

Voltage of high frequency circtiit necessary to 

produce readable signals, 15 X 10° volts. 
Ohmic resistance of receiver, 2,500 ohms. 
Value of high frequency current necessary to 

produce readable signals, 6 х 10 amperes. 
Electromagnetic wave energy required to pro- 

duce audible note for period of one second, 1 X 10- ergs. 


The telephone used for detecting the signals had a resistance 
of approximately 1000 ohms. Some measurements were made 
to determine the change of current in the telephone circuit by 
using a sensitive galvanometer in series with the telephone but 


5. U. S. patent No. 793,649, March 30, 1905. 
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the results obtained were obviously too low, possibly on account 
of the electrostatic capacity of the turns of the galvanometer 
with respect to each other. It will be noted that the amount of 
electromagnetic wave energy necessary to produce a signal is 
considerably less than that given in a previous note. The 
difference is possibly to be attributed to improvements in ad- 
justment and operation. 

The above measurements were taken by shunting the barretter 
across a piece of straight resistance wire in series with a hot- 
wire ammeter, to determine the voltage necessary, and by intro- : 
ducing resistance in series with the barretter to determine the 
resistance of the barretter. The figures were also checked in a 


= 


Fig.20 Fig.21 


number of other ways and very concordant results were obtained, 
so that it 1s believed they may be relied upon. 

The previously mentioned thermoelectric receivers or rectifiers 
of Dr. Austin and Mr. Pickard shown in Figs. 24 and 25 
and the vacuum tube receivers of Fleming, deForest, and Cooper 
Hewitt also act very satisfactorily. The fact that the writer 
has not been able to get as good results from them may be due 
to greater familiarity with the liquid barretter and heterodyne 
receiver. 

Figs. 26, 27, and 28 show a form of heterodyne receiver adapted 
for use for telephonic work. 


1. Electrical World and Engineer, Oct. 31, 1905. 
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5. Receiver connections. Where the wireless telephone 15 
operated by first talking into the transmitter and then throwing 
a switch and listening, the usual wireless telegraphic connections 
are used. This has been found in practice to be very incon- 


Fic. 25. Fic 24. 


venient, however, and several methods have therefore been de- 
vised for talking and listening simultaneously, which methods 
can, of course, also be applied to duplex wireless telegraphy. 


Fic. 26. 


Among these methods may be mentioned the commutator 
method' and the balance method.’ 
The former method is fairly well known and consists in 


1. U. S. application, 350,199, Dec. 31, 1906. 
2. U. S. application, 366,528, April 5, 1907, 
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rapidly connecting alternately the transmitter and receiver. 
The balance method consists in using a phantom aerial as shown 
in Fig. 29, where P is a phantom aerial, the circuit having such 
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capacity inductance and resistance as to balance the radiating 
antenna. The apparatus is shown in Fig. Н. 
In order entirely to cut out disturbances in the receiver while 


Fic. 28. 


sending, an interference preventer, 1. P., the elements of which 
are shown in Figs. I and J, is used in the receiving circuit. 
It may be here mentioned that balance methods work much 
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better with wireless telephony and telegraphy than with line 
telephony and telegraphy, for the reason that the radiation re- 
sistance of an antenna is absolutely definite and is not affected 
by the weather, as are line circuits. Consequently, the balance 
can be made very sharp and once made does not need to be 
altered.' Of course, half the energy is lost but this 15 a matter 
of practically no importance, as the cutting down of the strength 
of a telephonic conversation to one-lialf is as a rule hardly notice- 


able, especially where there are no line noises or distortion of the 
speech through capacity effects. 
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1. This method may, of course, be used for duplex working їп wireless 
telegraphy. As some question has been raised in regard to the capacity 
of wireless telegraph lines the writer would say that he has received 
messages at the rate of 250 words per minute by wireless and is now 
experimenting with apparatus designed to give 500 words per minute. 
With duplexing this gives 1,000 words per minute or 60,000 words per 
hour. The manager of one of the largest cable companies has stated 
(London Daily Mail, Sept. 24, 1907) that all the Trans-Atlantic cables 
together send 24,000 words per hour. It would appear, therefore, that 
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6. Receiving station relay. The receiving station relay is 
similar to the transmitting relay shown in Fig. 16. The same 
remarks apply to its use in connection with wire lines as to the 
transmitting relay. 

Е. OPERATION 

As will be realized from the above, the operation of a wireless 
telephone system is very simple. The operator merely throws 
his switch. to. the. position. for telephoning and talks into an 
ordinary transmitter and listens in an ordinary telephone re- 
ceiver. When the duplex method 15 used, as 1s always advisable, 
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the conversation proceeds exactly as over an ordinary telephone 
line. Fig. F showsa phonograph transmitting music and speech 
wirelessly. Fig. G shows talking by relays from a local circuit. 


if capacity alone be considered a single station on each side of the Atlantic 
can handle more traffic than all the present cables. It should be pointed 
out, however, that the mere ability to handle the messages is not suffi- 
cient and that unless the wireless telegraph companies obtain land facilities 
equal to those at present. enjoyed by the cable companies they cannot 
handle the traffic as efficiency, t.e., cannot deliver a message from New 
York to an individual in London and receive a reply in the same time. 
Fig. K shows a Wheatstone transmitter used for the test referred to. 
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I believe I am correct in saying that the transmission by 
wireless telephone is considerably more distinct than by wire 
line and that the fine inflections of the voice are brought out 
much better. This, I presume, is duc to the fact that there is 
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no electrostatic capacity to distort the speech, as in the case of 
wire lines, though I think the effect is also partly due to the 
absence of telephone induction coils with iron cores. Possibly 
some of the gentlemen present have witnessed the operation of 
the wireless telephone transmission between Brant Rock and 
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Plymouth and between Brant Rock and Brooklyn. If so I 
think they will bear me out in saying that the transmission was 
clearer than over wire lines. 

As a rule, there is absolute silence in the wireless telephone re- 
ceiver except when talking 1s going on, though of course the usual 
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noises may be heard if persons are walking across the room, etc. 
This makes listening in less of a strain than when talking over 
wire line. Even during severe atmospheric disturbances the 
talking is not interfered with to any noticeable extent, provided 
of course that an interference preventer is used. 

А comparative test was made with talking between Brant 
Rock and Brooklyn by wireless and by wire telephony. The 
talking over the wire line was done from a long distance station 
in Brooklyn. The wireless transmission was considerably the 
better. The fact that the wire line included in its circuits a cable 
from New York to Brooklyn was of course a disadvantage, but 
even allowing for this, practice and theory appear to be'i in agree- 
ment to the effect that transmission by wircless telephony over 
long distances is better than by wire line. 


This method should be of especial value to independent tele- 
phone companies, which have their local exchanges, but no long 
distance lines, especially since no franchises or rights of way are 
necessary. 

С. POSSIBILITIES 

A. Local exchanges. There is no immediate prospect that 
wireless telephony will take the place of local exchanges. The 
difficulty in regard to the number of tunes can be overcome, 
but the fact remains that high frequency oscillations cannot 
be transmitted over wire and hence each subscriber must 
have his own generating station. At the present time no 
method is known which would be practical if placed in the hands 
of a subscriber. If such means should be found it would be very 


[June 29 


ы 


ESSENDEN: WIRELESS TELEPHONY 


F 


1334 


1908] FESSENDEN: WIRELESS TELEPHONY 1335 


convenient to call up directly instead of through an exchange, 
but as I see it there are no immediate prospects of this. 

B. Long-distance lines. I believe, however, that there is a 
field for wireless telephony for long distance lines. The present 
long distance lines are very expensive to construct and to main- 
tain, and a storm extending over any considerable section of 
country inflicts considerable loss on the telephone companies. 
Moreover, the distance of transmission is limited by the electro- 
static capacity of the line, as I understand it. Wireless tele- 
phony would have the following advantages. 

1. The initial cost would be very much less than that of 
wire lines. 


2. The maintenance would be practically negligible in com- 
parison. | 

3. In case of any breakdown, it would be right in the station 
and not at some unknown point outside on the line. 

4. The depreciation would be comparatively small. 

5. The number of employees required would be smaller. 

6. The transmission 15 better, and as there is no distortion of 
the speech, the working distance is, it is believed, considerably 
greater. 

7. The flexibility is greater. With wire lines a telephone com- 
pany may not be able to give a Boston subscriber a line to New 
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York, while having lines from Boston to Chicago and from 
Chicago to New York free. Operating wirelessly the wireless 
circuit normally used for operating between New York and 
Chicago and between Boston and Chicago could be used to 
operate from Boston to New York. 

8. No right of way need be purchased and franchises it is 
believed, are not necessary. 

It will be noted that I have carefully avoided mentioning any 
of the disadvantages of wireless telephony for long distance 
work. I presume this is because I am not a telephone engineer. 
I hope the defects will be supplied by the experts who are familiar 
with telephone operation and therefore better able to point out 
the defects. Before leaving this part of the subject I would 
say that I think the question of interference has been worked 
out to such an extent that no serious difficulty need be feared 
in that direction. 

C. Transmarine Transmission. Wireless telephony is pe- 
culiarly suited for this class of work. Pupin’s ingenious and 
beautiful method has been successful at Lake Constance, Switzer- 
land, I believe, but even assuming that deep-sea cables of this 
type could be laid and operated successfully, they would never- 
theless be very much more expensive than wireless telephone 
stations. It 15 believed that wireless telephony will come into 
extended use for this purpose. Even without further develop- 
merit telephonic communication could be established between 
Norway or Denmark or Germany or Spain and Great Britain; 
between Sardinia and Corsica and France and Italy; between 
France and Algeria, between Australia and Tasmania and New 
Zealand; between the United States and Cuba and Porto Rico, 
etc, were it not that it is at present forbidden by law. 

As regards telephonic communication between England and 
America, my measurements show that this should be possible 
with an expenditure of approximately ten kilowatts and suitably 
large towers say 600 fect high, or with some of the new forms of 
antenna. Whether such a transmission would be commercially 
valuable or not is another matter. Personally I do not see that 
it would, but when I remember that at the time when the tele- 
phone was first being introduced a number of eminent business 
men decided that the house-to-house printing telegraph would 
be more of a success commercially than the telephone for the 
reason that no one would want to do business unless he were 
able to have a record of the transaction, I must admit that 
there is a possibility of my being mistaken in this. 
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D. Wireless telephony from ship to ship. Here, of course, 
wireless telephony occupies a unique position. Wireless tele- 
graphy has the disadvantage that a telegraph operator must be 
carried. The additional expense 15 an objection in many cases. 
The proposition that the captain or mate should also be a tele- 
graph operator has not met with favor. Anybody, however, 
can operate the wireless telephone and almost every vessel 
carries an engineer capable of repairing the electrical apparatus 
in case of accident. "The final arrangement will, I believe, (if 
we can prevent the governments from carrying out their pro- 
posed laws, forbidding wireless telephony), be this; that pas- 
senger vessels will carry a telegraph operator and use the tele- 
phoning apparatus for ordinary work and for telegraphing where 
it is desired to communicate over long distances. Other vessels 
will use the telephone alone. | 

E. Wireless telephone from ship to local exchange. This also 
will, I think, have considerable value, as enabling the captain 
of a vessel to communicate, by relaying over the wire line, with 
the owner of the ship, or enabling a passenger on a vessel to 
communicate with friends on shore. 

F. Range of wireless telephony. 1. Atmospheric absorption. 
The great obstacle to long distance wireless telegraphy and 
telephony is atmospheric absorption. For short distances up 
to 100 miles in the Temperate Zone there 15 little difference be- 
tween the strength of the signals at one time of the day and 
another. As soon as the distance is increased much over 100 
miles for the Temperate Zones and 40 or 50 miles for the Tropics 
the signals at night are very irregular and there is great absorp- 
tion during the day time. The daylight absorption may be 
so great that less than a tenth of one per cent. of the energy 
transmitted gets through. Some nights wil be as bad as 
day-time while on other nights there will be apparently no 
absorption. 

Fig. 30 1s a curve showing the strength of the messages trans- 
mitted between Brant Rock, Mass., and Machrihanish, Scotland, 
at night, during January, 1906. Nothing at all was received 
that month during daytime. 
` The change in the strength of the signals is very sudden. 
In working from Brant Rock to Porto Rico, a distance of 1700 
miles, the strength of the signals with short wave lengths would 
fall off to one one-thousandth of their former value during a 
period of less than fifteen minutes, while the sun was rising. 
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Early experiments showed that the absorption was greater 
as the wave length was increased and the effect was at first 
attributed to absorption in the neighborhood of the sending 
station, and was thought to increase continuously with the wave 
length.’ This fluctuating absorption at one time appeared to 
place a fundamental obstacle to commercial wireless telegraphy, 
as telegraph engineers will easily appreciate the impossibility 
of operating telegraph systems with circuits where the strength 
of the received signals may fall to one thousandth of its value 
or rise to a thousand times its value in the course of a few 
minutes. 

It was therefore considered absolutely essential, in order to 


INTENSITY OF SIGNALS 
UNITY 18 JUST AUDIBLE MESSAGES, 


DAY OF MONTH 


Fic. 30.—Curve showing variation of intensity of transatlantic 
messages for the month of January, 1906 


decide whether long distance wireless telegraphy was com- 
mercially possible or not, to investigate this phenomenon fully. 
As a preliminary the station at Brant Rock sent to four or five 
other stations at varying distances and comparative readings 
were taken. The following table shows the general character 
of the results obtained: 


1. A mathematical explanation of this supposed fact was given by Dr. 
Fleming '' Principles of Electric Waves Telegraphy " pages 617-618, 
1906, the following conclusions being reached: 

““ Accordingly, the chief part of the weakening of the wave by sunlight 
is done in the neighborhood of the sending antenna, where the magnetic 
force H is greatest, and it is more sensible for long and powerful waves 
than for short and feeble ones. This agrees with the observations of 
Mr. Marconi ”. 


1905] FIESSENDEN: WIRELESS TELEPHONY 1339 


Strength of signals received 
on worst nights (strength of 


Station Distance unabsorbed signals being 

taken as 1000). 
Company's cottage........ 200 yards 1000 
IU dedo E ican m aka ad 30 miles 1000 
Schenectady .............. 170 miles 500 
Philadelphia.............. 270 miles 300 
Washington.............. 400 miles 150 
Machrihanish............. 3000 miles 1 


These experiments proved conclusively that the absorption 
did not take place in the neighborhood of the sending station, 
because the strength of the signals received at nearby stations 
was the same during the day as during the night while there 
was great variation in the strength of signals received at sta- 
tions further away. 

It was also found that the absorption at a given instant was 
a function of the direction as well as of the distance, since on a 
given night the signals received by stations in one direction 
would be greatly weakened, while there would be less weakening 
of the signals reccived by stations lying in another direction, 
while a few hours or a few minutes later the reverse would be 
the case. | 

This was thought to be connected with the coming weather 
conditions but before this fact is proved a much larger amount 
of data must be collected. Through the kindness of the U. S. 
Weather Bureau I was enabled to obtain a chart of the magnetic 
variations and on comparison of these with the absorption be- 
tween the Massachusetts and Scotland stations there appeared 
to be a quite definite relation, t.e., the greater the absorption the 
greater the magnetic variation. Here also, however, much 
more data is nceded before arriving at a definite conclusion. 
The fact that the absorption did not take place in the neighbor- 
hood of the sending station having thus been definitely settled 
the next point to be investigated was whether or not there was 
any way of overcoming it. 

The fact that variations in the absorption occurred with ex- 
treme rapidity, the absorption increasing sometimes a hundred 
fold in a single minute, and at night, when the effect could not 
be due to the sun directly, seemed to indicate that the body 
producing the absorption, whatever it was, was not in a state 
of continuity but was broken up into masses like clouds.! This 


1. Electrical. Review, May 18, 1900. 
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also was in accordance with some experiments made in Brazil 
in 1905. 

From optical theories it is known that where the absorption 
is produced by conducting masses of a more or less definite size 
the absorption is to a certain extent selective. The next point 
in the investigation was, therefore, to determine whether there 
was any possibility of this being the fact in the case of the absorp- 
tion of wireless signals. 

Comparative tests were therefore made of the absorption at 
night and during the day between Brant Rock and Washington, 
with wave lengths varying from a fraction of a mile up to four 
or five miles. It was found that the absorption did not increase 
continuously with the wave length but reached a maximum and 
then fell off with great suddenness. 


ABSORPTION 


200,000 100.000 
FREQUENCY 


Fig.31 


Fig. 31 shows the general character of the curve, the ordinates 
referring to the amount of the absorption and the abscissas to 
the wave frequency. | 
.. Jt may be noted that the absorption is a maximum at a fre- 
quency of about 200,000 per second, nine hundred and ninety 
nine thousandths (0.999) of the energy being absorbed at this 
frequency during daylight, while for a frequency of 50,000 the 
absorption does not appear to be appreciable. Longer experi- 
ments, of course, might show some absorption, but in any case 
it is of a different order from the absorption for the shorter 
wave lengths. 

Experiments were then made between Brant Rock and the 
West Indies, a distance of 1700 miles, during the spring and 
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summer of 1907. It was found that the results were of the 
same character, т.е. that while there was greater absorption for 
frequencies of 200,000 there was comparatively little absorption 
for frequencies in the neighborhood of 80,000 and messages 
were successfully transmitted in daylight with this latter fre- 
quency. No messages were received in daylight with the higher 
frequency, though messages transmitted from the same station 
and with the same power and frequency were officially reported 
as having been received at Alexandria, Egypt, a distance of 
approximately 4000 miles. 

The fact that these experiments were made during summer 
weather, and the receiving station was in the Tropics, and the 
fact that the distance, 1700 miles, was practically the same as 
that between Ireland and Newfoundland definitely settled the 
question as to whether long distance wireless telegraphy was a 
commercial possibility or not and the results were therefore 
published.! 

Since the publication of the above results transmission has 
been accomplished by means of these long waves over still greater 
distances during davlight. Sig. Marconi early in October, 
1907, succeeded in operating between Glace Bay, Nova Scotia, 
and Clifden, Ireland a distance of more than 2000 miles, at a 
frequency of approximately 70,000. The same messages were 
received at Brant Rock, Mass., a distance of nearly 3000 miles. 

Still more recently Captain Hogg of the ‘ Glacier” has 
written that during the southward passage of the Pacific fleet 
he received messages from the station at Brant Rock, Mass., 
while off Cape Ste. Roque, Brazil, 5. А. The frequency used 
for sending was approximately 80,000, and the messages were 
received with the very interesting and sensitive silicon receiver 
invented by Mr. Pickard. This distance of 3000 miles is the 
greatest yet achieved by wireless transmission during daylight 
and would indicate that with the use of suitably high towers 
much longer distances can be reached. 

2, Range of wireless telephony and wireless telegraphy com- 
pared. For the same power it is possible to telegraph to a 
further distance than to telephone. Distinct speech depends 
upon the presence of harmonics of a frequency as high as 1200 
per second. The amplitude of these harmonics 1s according to 
some rough experiments made by the writer only about one per 
cent. of the fundamental frequency. Consequently, with a per- 


1. The Electrician (London), July 26, 1907. 
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fectly modulated transmitter 100 times as much energy would 
be necessary to telephone a given distance às to telegraph. It 
fortunately happens, however, that a carbon transmitter and 
also the circuits in which it is used, can be so constructed as not 
to modulate perfectly but can be arranged so as to accent the 
higher harmonics. 

With transmitters arranged for the purpose good transmission | 
has been obtained with thirty times the energy required to pro- 
duce audible telegraphic signals. By still further modification 
the power required has been reduced to approximately ten times 
that necessary for telegraphing, curiously enough without 
noticeably distorting the character of the speech. There is one 
fact, however, which prevents the ratio from being as large 
practically as the instruments show, t.e., speech can be sat- 
isfactorily understood with a less increase of power above a 
minimum audibility than telegraphic signals. 

The amount of power necessary for wireless ТООЛ тау 
therefore be taken as approximately five to fifteen times that 
necessary for wireless telegraphy; t.e., under the same circum- 
stances and for the same power the wireless telegraph will carry 
two to four times as far. The difference in range would be very 
much greater also but for the curious fact that there is much less 
falling off with sustained oscillations than with intermittent 
groups of waves, even though the frequencies аге identical. 

This fact has been repeatedly determined by sending between 
Brant Rock and Brooklyn on the same frequency, using in the 
one case spark produced trains of waves and in the other the 
high frequency dynamo. The difference in the falling off for 
the same frequency and energy is very great but further work is 
necessary before anything very definite can be said about it or 
the reasons finally determined. 


Н. How WIRELESS TELEGRAPHY HAS BEEN THROTTLED BY 
GOVERNMENTAL ACTION 

The question has been asked why, if wireless telegraphy can 
compete with wire lines and cables, 1t is not put into operation. 
This is not an unnatural question. Ninety nine individuals out 
of a hundred would probably consider that if an inventor had 
perfected a system of wireless telegraphy or telephony so that 
it would operate reliably over long distances and would handle 
messages at a fraction of the cost of the present cables and 
without interfering with other stations, he would immediately 
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pick out from an atlas half a dozen suitable points for operation, 
such as from France to Algiers, Italy to Egypt, Great Britain to 
Germany, New Zealand to Australia, Australia to Hong Kong, or 
Canada to Great Britain, and immediately commence com- 
mercial work, being perhaps delayed a few weeks on account of 
some slight formalities in connection with obtaining permits. 
The statement that nothing of the sort could be done would be 
received with incredulity, especially if it were known that the 
business men who would benefit by the proposed transmissions 
were strongly desirous of having them put into operation. 

This 15 a very important matter, not because the crushing 
out of a new system of telegraphy is so very important in itself, 
but because the prospects are that other branches of the elec- 
trical profession may have to face the same situation in the 
near future and it 1$, therefore, advisable to show in some detail 
just what governmental ownership means in its relation to the 
progress of civilization. I will, therefore, explain fully, but as 
briefly as possible how commercial wireless telegraphy is hin- 
dered by governmental action. 

Examination of a chart of the world immediately suggests a 
number of points as suitable for the installation of wireless com- 
munication. For example the following: 


]. United States to Cuba. 


2. r 2: * Porto Rico. 

3. ^ 3 “ Jamaica and other West Indian 
Islands. 

4. " Ы * Bermuda. 

5. б Е * Newfoundland. 

6. “ z “ Great Britain. 

7. n x * France. 

8. * " * Azores. 


9. Newfoundland “ Great Britain. 
10. Great Britain ^ Ireland. 


11. к T ^ France. 
12. i К “ Spain. 

13. 5 = “ Germany. 
14. E d “ Denmark. 
15. Я ^ ^ Norway. 
16. France “ Algiers. 
17. Italy “ Egypt. 


18. New Zealand “ Australia. 
19. Australia * Hong Kong. 
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The first fact to be noted is that these countries with the ex- 
ception of Porto Rico are foreign countries and that in practi- 
cally every one of these, Porto Rico is believed to be the only 
exception, there are stringent laws in force forbidding the 
erection of wireless stations without permits. The difficulty 
of obtaining these permits is shown by the fact that one wireless 
company within the writer's knowledge has been endeavoring 
for more than four years to obtain permits in the majority of 
the above mentioned foreign countries and has so far succeeded 
in obtaining only one permit and that for direct communication 
between the United States and Great Britain. 

To take a specific illustration. In 1903 an American com- 
pany was requested to install communication between Bermuda 
and the United States. The principal industry of Bermuda is 
the growing of produce of various kinds, which 1s exported al- 
most entirely to the United States. The only present means of 
communicating is through Nova Scotia, and in winter especially, 
owing to the delays on the land lines, the service is often quite 
insufficient. Permission was asked of the Home Government 
by the Bermudian incorporators, but without success. 

A petition was then signed by virtually every prominent business 
man in the islands and forwarded to the Home Government. 
The members of the New York Produce Exchange drew up a 
petition and forwarded it to the Secretary of State requesting him 
to use his influence in the matter. The Colonial Office stated 
in reply that it was favorable to the project but that the matter 
must be referred to other branches. 

The Bermudian business men also sent several representatives 
to Great Britain to urge personally the granting of the permit. 
After a lapse of several years a definite reply was received to 
the effect that the permit would not be granted. The Ber- 
mudians then took up the matter through a Canadian company 
which sent several representatives to interview the authoritics 
in Great Britain but without success. The Lord High Com- 
missioner of Canada, Lord Strathcona, finally was kind enough 
to interest himself in the matter and personally presented the 
case before the British authorities. It 15 hoped by the Canadian 
company and the Bermudians that the permit will finally be 
granted, but this specific illustration will explain the difficulty 
in obtaining permits for operation. 

As illustrating a different obstacle the case of Newfoundland 
may be taken. This is the natural point for establishing com- 
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munication with Great Britain and the experiments previously 
referred to as having been made between Massachusetts and the 
West Indies showed conclusively that there would be absolutely 
no difficulty in operating commercially and with ease over this 
distance. On the other hand to operate directly from America 
is a much more difficult proposition. for the reason that, as 
examination of a great circle chart will show, the whole of New- 
foundland and Nova Scotia lies between any point in the United 
States north of Hatteras, and Great Britain. 

If operation in Newfoundland were not forbidden by law 
half a dozen wireless stations would be at once erected, and the 
companies would be only too glad to pay into the Newfoundland 
treasury the ten or twenty thousand dollars per annum to be 
collected if they were put on the same footing as. the cable 
conipanies in order to save the cost of the longer transmission. 
The Newfoundland government a number of years ago granted 
a monopoly of wireless telegraphy to one company, which com- 
pany has never erected a transatlantic station in that island. 
While this monopoly has been very injurious to Newfoundland, 
on account of the loss of revenue entailed, it has been still more 
so to the wireless companies and to the public at large, which 
otherwise would have had cheap transatlantic telegraphy 
several years ago. А 

Another very formidable obstacle is the fact that in practi- 
cally all the foreign countries referred to (and in Porto Rico) 
land telegraphy is a government monopoly. Consequently, the 
wireless companies are entirely at the mercy of the government, 
are barred from collecting their own messages and must рау 
whatever tolls are fixed by the various governments. This, of 
course, also operates to prevent rapid service, since instead of 
communicating directly from Paris to London the messages 
would have to be sent from Paris by wire line to the French 
wireless station thence to the English wireless station and thence 
again by wire to London. 

In a number of countries, the cable lines are also owned by 
their governments which makes them naturally averse to losing 
the invested capital or to permiting private companies to com- 
pete. It would be evident therefore that no matter to what 
perfection the art of wireless telegraphy is brought, years will 
elapse and the exercise of a great deal of political influence will 
be necessary before the public gets the advantages of the cheaper 
rates. 
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Ship communication. Here again the development of wireless 
working has been stifled by legislation. Vessel owners were at 
first rather slow to take up the matter of equipping their ships 
but after the system had proved its worth in several cases and 
some of the owners had had to pay large sums for salvage in 
cases where a wireless installation would have avoided the loss, 
its value began to be realized. It was at this point that the 
governments again stepped in with premature and injurious 
legislation. Аза specific illustration, a United States company 
had arranged with the owners of some two hundred vessels to 
construct a line of stations from Maine to Texas, to operate with 
stations installed on the ships. The announcement was made 
that the administration proposed to recommend to Congress 
that wireless telegraphy be made a government monopoly. 

A representative of the wircless company requested permission 
to submit some evidence to the effect that such a government 
monopoly was not necessary and that the various stations 
could operate without interference. А reply was received from 
the Administration that “ information in regard to the subject 
was not desired ", and the administration recommended that 
wireless communication with ships should be made a govern- 
ment monopoly.! 

It was proposed to carry this out as follows: 

1. Toestablish Navy wireless stations at points along the coast 
where wireless stations were needed by the merchant marine.** 

2. To forbid the operation of private stations at these points.* 


l. Recommendations of the Inter-departmental Board on Wireless 
Telegraph, 1904 submitted and approved by the Administration. 

2. Ibid. “ That the maintenance of a complete coastwise system of 
wireless telegraphy by the Navy Department 15 necessary for an efficient 
and economical management of the fleets of the United States in time 
of peace and their efficient maneuvering in time of war. ” 

3. Ibid. ‘ As fast as the naval wireless telegraph stations are in opera- 
tion the Navy Department shall receive and transmit through these sta- 
tions free of charge all wireless messages to and from ships, providing such 
stations do not come in competition with commercial stations, until such 
time as Congress may enact the necessary legislation governing this 
subject ". That the statement in regard to competition is disingenuous 
will be seen from examining the following extra Note 4, since only one 
station, and that a Navy one would be permitted at points where there 
was merchant marine business. 

4. Ibid. “ т asking for legislation on this point the board invites 
attention to the fact that where wireless stations are needed for the 
merchant marine, as a rule, the navy will also require them. The board 
believes it to be in the interest not only of governmental but of public 


1908] FESSENDEN: WIRELESS TELEPHONY 1347 


3. The Navy stations are to handle all messages to and from 
ships free of charge. 

4. Wireless companies to be permitted, after obtaining a 
license from the Department of Commerce and Labor, to erect 
stations at points where there was no merchant marine business.* 

The official approval and transmission of these recommenda- 
tions by the Administration, although they were opposed and 
never went into effect, terminated, of course, all negotiations 
with vessel owners, since the owners would naturally not agree 
to contract for the transmission of their messages with the im- 
mediate prospect in view that the Government would transmit 
them free of charge. At the present time the masts ordered 
for the proposed line of stations are rotting at various points 
along the seaboard and the apparatus purchased for installation 
is deteriorating in storage. 

The development of ship communication had just begun to 
recover from this blow when an International Wireless Tele- 
graph Conference was arranged for by the various governments. 
In America no opportunity was afforded the wireless companies 
of presenting the case to the delegates to the Conference, and a 
very stringent set of regulations was adopted. The Administra- 
tion transmitted these regulations to the Senate.* The'ratifica- 
tion of the treaty embodying these regulations was opposed by 
the Marconi Co., and by the National Electric Signaling Со. The 
following facts were pointed out: 

l. That the proposed regulations virtually amounted to 
confiscation of the property of the wireless companies; that 
the working at present was carried on at a loss; that no wireless 
company was at the present time paying dividends; that the 
proposed rates would not permit of any return on the capital 
invested ; and that the regulations would so limit the amount of 
business which it would be possible to transact that 1t would not 
pay to keep up the stations. 

2. That the inventors in the art of wireless telegraphy had 


economy and efficiency to permit the naval stations to handle the public 
service, for in the present state of the art but one station is desirable for 
the public interest in such places. It is admitted that there may be 
special cases where private stations can serve a useful purpose and the 
board believes that the Department of Commerce and Labor should 
have the duty of issuing licenses in such cases under such regulations as 
will prevent interference with stations necessary to the national defence.” 

5. Ibid. 

6. Senate Document, Sixtieth Congress, first session. 
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expended large sums of money in developing their systems, and 
such confiscation was therefore unjust and was thought to be 
unconstitutional. 

3. That the regulations were impracticable in the following 
respects: 

а. By requiring ships to use two tunes only! all stations were 
placed, so to speak, on two-party lines, thereby producing a 
maximum of interference and preventing any one station work- 
ing while any other was operating. 

b. Allowing only five minutes per message and assuming only 
‘ten ships each with ten messages to be in the neighborhood of a 
given seaport, more than eight hours would have to elapse 
before the last station had transmitted its message. This time 
is beheved to be underestimated, as the regulations provide 
that each ship before sending its message must call the coastwise 
station, have a number assigned to 1t, inform the coast station 
of its distance, 115 true bearing 1n degress, its true course in de- 
grees, its speed in nautical miles, the number of words it has to 
transmit ; must be informed how long it will have to wait, whether 
the transmission 1s to be in alternate order or in series, interrupt 
the sending after each 20 words, send an interrogation mark, 
wait for repetition of the last word, etc.? Hence it would be 
rather difficult to maintain the average time mentioned. This 
excessive delay would cut down the trafhc to such an extent 
as to render it impossible for the stations to pay expenses of 
maintainance, and any telegraphic engineer will appreciate the 
difheultv of carrying on commercial business under such regula- 
tions. 

с. Placing all vessels on two-party lines introduces all the 
ditficulties of the party line method and loses the only advantage, 
‚аз it might easily happen that a ship in distress using one fre- 
quency might be within range of a number of vessels using the 
other frequency, but outside of range of any vessel using its 
own frequency. The obvious and practical method 1$ legally 
to establish a single tune to be used exclusively for calling and 
distress signals but not for any other purpose; the transmission 
of messages to be continued by switching over to other tunes 
once the call has been received and accepted. In this way a 
ship in distress can always be sure of calling any vessel within 
range, while the transmission of messages can be carried on with- 


1. Regulations II and III. 
2. Regulations 19 to 20. 
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out interference and without one ship having to wait until the 
other is finished. 

4. Its restrictions are of such a character as to prevent the 
future development of wireless telegraphy. For example. 

a. The regulation! that all stations must carrv a licensed 
wireless telegraph operator capable of receiving at twenty 
words per minute would prevent the installation of wireless 
stations on board the majoritv of ships since only the larger 
vessels can afford the additional expense of the operator. Many 
vessels would install wireless telephones which do not require a 
skilled telegraph operator, if it were not for this regulation. 

b. The rules forbidding? the transmission of telegrams calling 
for repetition of messages, or for acknowledgement of receipt, 
or for telegrams to be forwarded, or for telegrams to be de- 
livered by express or by mail, or for the transmission of money- 
order telegrams or for the transmission of telegrams with answer 
prepaid, or for the transmission of urgent telegrams are especially 
restrictive. By forbidding the transmission of telegrams of 
all the above classes the commercial field of wireless telegraphy: 
is limited to such an extent as to deprive wireless telegraphy of 
its chief value. | 

9. It expressly forbids the use of a number of the most im- 
portant developments in wireless telegraphy. For example. 

a. Section 3 in effect forbids long distance transmission in 
daylight. This section states that ships must not use wave 
lengths exceeding 600 meters. Itis now well known that day- 
light absorption is very great for these wave lengths and that 
much longer wave lengths must be used during daytime. This 
rule therefore virtually forbids wireless telegraphy during day- 
light except within a very limited radius, and їп case of an explo- 
sion or fire on shipboard during daylight the vessel would be 
unable to summon assistance unless by some fortunate chance 
another vessel happened to be within the radius limited by the 
restriction to the short wave length. It also virtually pro- 
hibits ships keeping in communication with the shore for more 
than twelve hours out of twenty-four. 

b. Section 3 states that the system employed must bea 
syntonized system, thus forbidding the use of systems such as the 
heterodyne system which do not depend for selectivity on 
syntony. This would not be so injurious if it were not for the 


1. Section 6, paragraph III. 
2. Section XXXIII. 
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fact that the present indications are that syntony will in the near 
future be abandoned as a means of obtaining selectivity. 

с. The rules of Section 2, 3, and 18 to 26, virtually forbid the 
use of duplex and multiplex systems. There is no reason why 
a number of ships should not communicate with the same station 
simultaneously, but the above rules forbid this by requiring 
only two wave lengths to be used and the messages to be taken 
one after the other. 

d. It is premature. The expression ‘‘ that an art ” is in its 
infancy is а very hackneyed one but if it can be applied 
properly to any art it 1$ to wireless telegraphy. The fact that 
the proposed regulations are unsuitable does not reflect in any 
way on the ability or conscientiousness of the delegates, though 
it would seem that it would have been advisable to consult the 
engineers of the various wireless telegraph companies before 
drafting the rules. The main difficulty, however, is that no one, 
no matter what his knowledge of the present state of the art, 
can foresee the future developments. The question of wave 
length and daylight absorption is an illustration of this, as is 
also the question of syntonized circuits. The time has not 
yet come for any such hard and fixed regulations as thus 
proposed. 

6. It was also pointed out that the public had no nights in 
regard to wireless telegraphy, since a patent differs from a fran- 
chise in that when the public grants a franchise it gives a right 
in respect to something which already exists and which it owns, 
and it therefore has a right to make what stipulation 1% chooses. 
In the case of a patent, however, the right is not given in respect 
to something which the public owns, but in regard to a new crea- 
tion which exists merely in the mind of the inventor, to be called 
into being or not at the inventor's will, and therefore a thing in 
which the public has no right except as it obtains one by stipula- 
tion with the inventor. In the case of wireless telegraphy the 
companies invested their money under the patent law contracts 
with the various governments, and therefore the inforcement of 
regulations of the character proposed without the consent of the 
inventors 1s a breach of contract. 

As a result of the hearing and of representations supporting 
the position of the wireless companies made by a very eminent 
electrical engineer the Senate Committee has decided to do 
nothing for the present in the matter. During the hearing the 
fact was brought out by the committee that the proposed regula- 
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tions were passed upon the assumption that interference could 
not be kept out, and that the U. S. Navy had already made 
official reports on tests of interference preventers which showed 
that this was not the fact. Оп direct question by the Senate 
Committee the representative of the U. S. Navy present at the 
hearing freely admitted that it was a fact that interference could 
be kept out. 

Still more recently another set of recommendations has been 
forwarded by the Administration to the Senate endorsing the 
recommendation of the Secretary of the Navy that a law should 
be passed! making it an offence punishable by imprisonment for 
one year of a fine of $2,000 or both for a private station to con- 
tinue sending when called upon to discontinue by a Navy 
operator, or to produce interference with a Navy station when 
the latter is transmitting an official message. This recommenda- 
tion was not accompanied by any recommendation to the effect 
that the Navy stations should use any means for keeping out 
interference. Before the transmission of this recommendation 
a conference was sought with the Navy officials with a view to 
drafting a form of regulation which would accomplish the results 
sought, without placing the wireless companies at the mercy of 
the Government and without virtually confiscating their property 
but it was found impossible to obtain a hearing.’ 


The following memorandum of a portion of the interview between 
Secretary Straus of the Department of Commerce and Labor and the 
representative of the wireless company, asking for a hearing. will be of 
interest: 

REPRESENTATIVE: ''" Will you not, Mr. Secretary, be willing to assist 
us in obtaining a treaty which, while giving the government all it de- 
sires in the way of intercommunication between different systems, 
reservation of wave-lengths for government purposes, etc., will, at the 
same time, avoid driving the wireless companies into bankruptcy? ” 

SECRETARY STRAUS: “ The treaty was reported by the experts of 
the government departments, and we propose to carry it out, as it is 
the policy of the administration." 

REPRESENTATIVE: “ But, Mr. Secretary, these regulations virtually 
prevent the wireless companies from doing any commercial business. 
With everybody on one party line, even without the numerous other 
restrictions, it will not be possible to handle a sufficient number of mes- 
sages to pay operating expenses, and the companies will necessarily be 
driven into bankruptcy." 


`1. Congressional Record, Feb. 14, 1908. Also H. В. bill 17719, 60th 
Congress, 1st Session. 
2. See also appendix. 
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SECRETARY STRAUS:  ' That has nothing to do with this department. 
If you are injured vou should go to the Congress and ask them to re- 
imburse you." 

REPRESENTATIVE: “Мг. Secretary, you know that it would be prac- 
tically impossible to get a bill to reimburse a private company through 
the Congress. Why should the government crush out a new and im- 
portant method of communicating which will save the country millions 
of dollars vearly, when the government will gain nothing by the action. 
We feel that your department ought to assist us in this matter.” 

SECRETARY STRAUS: “It has been decided by the administration 
that the treaty should be approved as it stands." 


It will be noted that this conversation took place in the 
United States, and not in Russia, as might possibly be otherwise 
inferred. It will appear from this and the experience of others 
that the original object of the formation of the different gov- 
ernment departments has been rather lost sight of in recent 
vears. 

It will perhaps be seen that the difficulties in the development 
of wireless telegraphy have not been wholly of a technical nature 
and more patience may perhaps in the future be extended to those 
engaged in the work. 


CONSIDERATIONS 


The subject is, however, one which is bound to concern in 
the near future other branches of the engineering profession 
than those now affected and the present appears to be a suitable 
time for considering the matter more broadly. 

Whatever the ultimate object of man's existence may be 1% 1s 
tolerably certain that it 1s not to occupy his entire mental 
activity with the question of how many grubs he can secure for 
food and where he can find a suitable hollow tree ш which to 
spend the night. But whatever we have above this is due 
solely to the inventor (їп which term I include not only the men 
who discovered how to produce fire and to build houses and 
steam engines and alternating current motors, and therefore 
all engineers whether they take out patents or not, but also 
those who discover how to distribute what 1s created 1n such a 
way as to make it available). 

In the state of nature which Tolstoy so greatly lauds and so 
carefully avoids advance is impossible; all available energy of 
mind and body is necessarily employed in the problem of main- 
taining a bare existence. Before we can advance toward our 
voal, whatever it is, we must first have time and opportunity and 


1908] FESSENDEN: WIRELESS TELEPHONY 1353 


a means of maintaining any advance. That we have this time 
and opportunity is due to the fact that by means of innumerable 
inventions we are rendered every day less dependent upon the 
accidents of nature. It would therefore appear, that whatever 
our ultimate goal may be, the first essential for reaching it 1$ ап 
increased control over the forces of nature. 

This increased control can only be obtained through intense 
effot. When we see a performer at a circus contorting his 
body into apparently impossible positions we realize the peculiar 
aptitude and the many years of training which must have been 
necessary. It is not generally realized, however, that a still 
more peculiar aptitude and many more years of still more intense 
training are necessary for those who would do useful work in 
any branch of mental achievement. We seldom think, in reading 
a mathematical paper for example, that the author has studied 
possibly for an average of ten or twelve hours a day for twenty 
ог forty years before achieving sufficient proficiency in his sub- 
ject to be able to accomplish the work. 

To obtain results in a special line therefore a man with special 
aptitude and training is required. In addition to this there 
must be the opportunity. Hundreds of thousands, and.in 
many cases millions of dollars are necessary for the development 
of an important invention. Such sums will not be furnished if 
there is no prospect of a return. As the success of an invention 
is always doubtful, the return from a successful invention must 
be sufficient to cover the losses from the much larger number 
of failures, for if the average return from one hundred inventions 
falls below that obtainable from mortgages or other forms of 
secure investment there will be no incentive. 

The following question seem to me to be worthy of considera- 
tion: 

1. Whether public officials, elected by the people, would con- 
sider themselves justified in expending milhons of dollars on 
the development of inventions the success of which was uncer- 
tain. 

- 2. Whether the best men to develop such inventions success- 
fully would be found among the Government officials available. 

3. Whether development can be expected in an art or industry 
entirely under Government control or ownership. 

4. Whether universal Government control or ownership does 
not necessarily involve a fixed and non-progressive state as 
opposed to a state of progress and development. 


1354 FESSENDEN: WIRELESS TELEPHONY [June 29 


APPENDIX 

In the United States some additional hindrances on the part 
of the Government have been met with. For example, in the 
United States, and in Russia, as well, an inventor has no legal 
remedy in case the Government appropriates his invention.! It 
might be thought that the inventor could protect himself by 
suing infringing companies, but this 1s not so. 

The wireless sets originally used by the United States Navy 
were imported from a country which was not at that time under 
the Patent Convention, and as they were purchased abroad no 
action could be taken. The then Secretary of the Navy, Mr. 
Moody, refused to require the foreign company to appoint a 
responsible representative in America. It was not until some 
years later, when, Mr. Morton being Secretary and the matter 
having been taken up by one of the Senators, this was done, and 
an injunction was obtained against the representative so ap- 
pointed. | 

On further protest the next Secretary of the Navy, Mr. 
Bonaparte, stated that the patents could not be recognized as 
they had not been sustained. Не was again approached but 
said that he had decided that he was not bound to respect them 
as he considered the price too high.? He declined, however, to 
allow the price to be fixed by arbitration, stating that he con- 
sidered that the price should be fixed with reference to the cost 
of manufacture solely. The principal infringing companies 
having been enjoined the Navy and Army began manufacturing 
the devices themselves in quantities. 

Through the influence of one of the Senators the matter was 
again taken up and it was arranged that the Secretary of the 
Navy, Mr. Bonaparte, should obtain a legal opinion from the 
Attorney-General in regard to the matter. This opinion was 
prepared by one of the Attorney-General's assistants and 
proved to sustain the claims of the wireless company on every 
point. Before it was finally transmitted the Secretary of the 
Navy, Mr. Bonaparte, withdrew his request for an opinion. 

The wireless company received a letter? from the Navy De- 
partment to the effect that by order of the Administration the 
patents had been turned over to the Navy Department. A 
written request‘ was forwarded to the Administration, pointing 


Russel vs. United States, decided in 1900, 182 U. S. 516. 
Letter April 19, 1906. 

Letter No. 137,244, July 11, 1906. 

Letter April 3, 1907. 
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out that the above-mentioned property had been confiscated by 
the Government without a hearing and asking for a hearing. 
No reply was received. 

The above is given as an illustration of the effect of the present 
law under which an inventor has no legal remedy against the 
confiscation of his patents by the United States Government. 
Among other recent instances of confiscation of inventions by 
the Government may be mentioned those of the Krupp and 
Armstrong Companies, the San Francisco Dry Dock, etc. 

As the situation is not generally understood attention is here 
called to it. It should be remedied, as it operates very in- 
juriously as regards the Government departments themselves. 
The Government is deprived of the services of American in- 
ventors who either place their talent at the disposal of other 
countries, as in the case of Hiram Maxim, or turn their attention 
to other lines. The general result is that the United States 
Government, instead of leading other nations, is obliged to 
follow after and copy, though the success of the United States 
Navy in developing submarine boats is an illustration of what 
can be accomplished in cases where the inventor has been able 
to develop his work without confiscation. 

In 1906 President Roosevelt’s attention was called to the 
above facts. He was asked if the administration would not 1n- 
troduce a bill to remedy this state of affairs. He replied that 
the administration had too many bills of its own to look after, 
but, on further inquiry, stated that if such a bill was introduced 
the administration would not oppose it. 

On the strength of this promise a bill was introduced and 
unanimously reported, as follows: 


House or REPRESENTATIVES, 00TH CONGRESS, Ist SESSION, REPORT 
Хо. 184 


The Committee on Patents, to whom was referred the bill (H. R. 7653) 
to amend section 4919 of the Revised Statutes of the United States, to 
provide additional protection for owners of patents of the United States, 
and for other purposes, have considered the same, and recommend that 
the bill do pass with the following amendment: 

In line 7, page 1, strike out the words '' has been or," and insert the 
word '' hereafter ’’ after the word “ shall." 

A bill substantially the same as that now reported was passed by the 
Senate at the last Congress, and favorably reported to the House, but 
at too late a day in the session to receive consideration. 

The object of the bill is to provide for owners of United States patents 
a remedy for the taking of their property by the United States for pub- 
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lic use, when such taking occurs without the license or authority of such 
owners and without compensation. 

In England and in practically all over civilized countries, except 
Russia and the United States, the Government can not appropriate an 
invention without paying a fair price for it. А regular tribunal is charged 
with the duty of determining what is a fair price for the use of an in- 
vention appropriated by the Government in case the Government con- 
siders the inventor's charge to be excessive. The United States hab- 
itually appropriates at its pleasure the patented inventions of its citi- 
zens and declines payment therefor. And this notwithstanding the fact 
that according to the decisions of the Supreme Court a patent of the 
United States is property within the meaning of the term as used in 
the Constitution and laws of the United States, and the use of a patented 
invention by the Government is a taking of private property, which can 
not be done lawfully without compensation to the owners. (Solomons v. 
United States, 137 U. S., 342, 346; McKeever v. United States, 14 Ct. 
Cls., R., 396; Affirmed S. C. 18 Ct. Cls., R., 745.) 

But notwithstanding this right to protection which patentees and 
other property owners derive from Article V of the Amendments to the 
Constitution, it has been held by the Supreme Court that the owner of 
а patent can not restrain its infringement by the United States or an 
officer or agent of the Government.  (Schillinger v. United States, 155 
U. S., 163 (1894); Russell v. United States, 182 U. S., 516 (1900).) 

In both of these cases the court held that in the absence of an ex- 
press contract between the Government and the patentee, or transac- 
tions between them from which a contract may be implied, no court of 
the United States is vested with jurisdiction to entertain a suit or action 
by a patentee seeking to recover compensation for the use of his in- 
vention by the Government. 

· How next to impossible it would be to make a case of implied con- 
tract which would render the Government liable under the court's de- 
cision may be inferred from the following statement of the facts appear- 
ing in the Russell case just cited. It there appeared that at the Gov- 
ernment's invitation Russell exhibited his patented invention to a board 
of officers appointed by the Secretary of War. The Government ап- 
nounced that it would adopt and use а device embodying his invention. 
Prior to the adoption and use of the device Russell communicated his 
patent to the War Department, showing that his patent covered the 
device and tended the use of his invention to the Government for reason- 
able compensation. The Government proceeded to use the device 
without denying Russell's right to compensation, but with the remark 
that he should seek his remedy by some means other than Executive 
action. And the Russell case is only a sample case; one of many. 

It seems to be necessary and proper to provide for patentees a rem- 
edy, such as the passage of this bill will secure, for the invasion of their 
rights. Without such remedy, patentees are the only persons who are 
outside the protection of Article V of the Amendments of the Constitu- 
tion. ‘“ Nor shall private property be taken for public use without just 
compensation.” 

Without such remedy a patent is not what it purports to be on its 
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face. Many inventors have spent years of their lives and practically 
bankrupted themselves in developing inventions primarily of use to the 
Government, only to find in the end, after their property has been seized 
by the Government, that they have no legal means of redress, and that 
the governmental Departments will not recognize the decisions of the 
courts. 

Without such remedy there is a ridiculous discrimination between 
inventors. The inventor of a children's game or of a new brand of 
chewing gum is protected by the courts. But the inventor of a device 
which may save the nation from an humiliating defeat in time of war, 
or reduce the cost of carrying the mails, or reduce the number of ship- 
wrecks on the coast, is afforded no protection; the governmental Depart- 
ments have the power to confiscate his property and habitually exercise 
that power. It may be a new type of breech mechanism, or a dry dock, 
or a method of communicating with ships at sea; if the invention is valu- 
able the Government can and does seize it, though the inventor may 
have spent years of his life and bankrupted himself and his friends in 
developing it. 

It may be conceded that the Government ought to have the right to 
appropriate any invention necessary or convenient for natural defense 
or for beneficent public use, and that, too, without previous arrange- 
ment or negotiation with the owner. Nevertheless, the appropriation 
having been made it would seem that justice to the citizen demands that 
in due time he should receive fair compensation for his property. 

The claim is made by some that the Government, being the grantor 
of the patent, ought to have the right to use without compensation 
such inventions as are necessary for its purposes. 

One answer to this is that there is no such limitation or reservation 
in the law governing the granting of patents; and another answer is 
that if that were the law there would be no time, brains, or money spent 
by anyone in inventing those things for which there would be no re- 
muneration. 

But it is useless to multiply reasons to justify the passage of the bill. 
The one fundamental reason already assigned is unanswerable—that no 
American citizen's propertv can be appropriated for public use by the 
Government or by anyone else without compensation being made there- 
for. 

The amendment proposed, by striking out the words '' has been ог" 
and the use of the word '' hereafter,” in line 7, page 1, is deemed advisable, 
that there may be no question arising upon statutory construction that 
the law is not retroactive in its effect, but will apply only to future ap- 
propriations of patents by the Government. - 


It passed the House of Representatives by а large majority, 
the leaders of both the Republican and Democratic parties speak- 
ing in favor of it. It passed in the Senate unanimously. It 
did not become a law, however, as President Roosevelt de- 
clined to sign it, though its signature. was strongly recom- 
mended by Secretary Taft, Senator Knox, and others. No 
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reason was given by President Roosevelt for declining to sign 
the bill, but it is understood that his action was due to the 
fact that the ratification of the proposed wireless treaty had 
been opposed by one of those interested in the passage of this 


bill. 
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DISCUSSION ON “ PRIMARY STANDARD OF LicuT." 
(Subject to final revision for the Transactions.) 


A. E. Kennelly (by letter): The paper presents a certain 
fundamental physical proposition relating to a fundamental 
standard of luminous intensity, and also a practical proposal 
suggesting a means for carrying out the proposition. In so far 
as concerns the physical proposition, it seems to be unassailable, 
and to offer a theoretical solution for the problem of realizing 
a standard luminous intensity of definite physiological value, 
and definitely measured energy; that is, in ergs per steradian, 
or ergs per cubic centimeter from point to point of the luminous 
beam. 

As regards the practical suggestion of carrying this method 
into effect, it seems to me a great deal of experimental work 
will be necessary to develop the method. It would be necessary 
not only to develop the bolometric method of measuring the 
energy in the three component beams with a satisfactory de- 
gree of accuracy for standard purposes, but it would also be 
necessary to determine the physiological stimulus of each of 
these three colors throughout the range of intensity required 
in photometric measurements. This is for the reason that in 
order to measure the light given by any particular lamp, such 
as a Hefner flame, for example, it would be necessary to arrive 
at a color balance on the photometer, by altering the ratio of 
the intensities in the three component beams. This would 
involve an alteration in the luminous stimulus, or light sensa- 
tion, of unit intensity of the composite light so produced, and 
the luminous intensity of the Hefner flame could only be ex- 
pressed in terms of standard light after taking into account 
the change in physiological effect of the altered components. 

Nevertheless, Dr. Steinmetz’s proposal is definite, and offers 
a definite chance of realizing a true determination of light in 
terms of energy,as the outcome of experimental research along 
three defined wave lengths or luminous frequencies. 

The suggestion in the paper that the scale of abscissas should 
be logarithmic, instead of numerical, seems to be excellent for 
many graphical purposes. According to this suggestion, the 
visible spectrum would be divided into three larger regions 
(violet, green, and red) and four smaller regions, or ''semi- 
tones," namely, indigo and blue, on one side of the green, and 
yellow and orange on the other. This would make an optical 
scale of approximately three tones and four semi-tones, or ten 
semi-tones altogether: The division of the spectrum would 
thus naturallv fall into decimal subdivisions instead of into 
Angstróm units. Each first decimal place, or tenth root of 2, 
would correspond approximately to a semi-tone of color, while 
two such decimal divisions would correspond approximately to 
a tone of color. 

Edwin P. Hyde (by letter): It would be very desirable 
indeed, both from theoretical and practical considerations, to 
be able to define our standard of light in terms of the C. G. S. 
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system of units, rather than have it without anv known con- 
nection with other physical quantities. The suggestion of Dr. 
Steinmetz would seem to make possible such a definition. Ac- 
cording to the suggestion we would define, not a standard of 
luminous intensity, but a standard of luminous flux; and we 
would measure the intensity of an unknown source bv com- 
paring the illumination produced by the flux from that source 
with the illumination produced by the standard flux. Since 
according to our present methods what we actuallv do 15 to 
compare illuminations and reason by means of known or assumed 
laws to the luminous intensities of the sources producing the 
illuminations, it is only necessary that we have a standard 
luminous flux. and not that we have a source of standard lu- 
minous intensity. 

The principal difficulty to be overcome in realizing such a 
standard as Dr. Steinmetz suggests is in accomplishing with 
the requisite accuracy the absolute measurement of the small. 
amount of energv contained in a single bright line in the visible 
spectrum. The determination of the proper proportions of 
energv in the three regions of the spectrum to give the required 
color, and the reproduction of these three colors in their proper 
proportions, could probably be accomplished with sufficient 
accuracv, but the determination of the energv of each region 
in absolute units would be a much more difficult undertaking. 
It would seem to me that a suggestive method of procedure 
might consist of: first, in obtaining as intense radiation as possible 
for the objective measurements, and then cutting down the in- 
tensitv, if necessarv, bv sectored disks or other suitable means for 
the photometric measurements; and secondly, in measuring objec- 
tively the energy both of the component wave-lengths and of 
the combined flux—the former to give the proper proportions, 
and the latter to give the total luminous flux. By this method, 
shght errors in determining the proper proportions of the com- 
ponent parts would only enter as second order effects if the total 
flux is measured accurately; and the larger the total quantity 
of energy measured objectively the more accurately can the 
measurement be made when we are dealing with relatively small 
quantities of energy. 

Although there would be numerous advantages in such a 
standard as Dr. Steinmetz proposes, if such a standard could 
be realized, there 1s one slight disadvantageous feature, which, 
however, is not serious. [t has usually been customary to take 
the standard of white light as the standard also of spectral 
distribution in spectrophotometric measurements. This can 
only be done, of course, when the standard has either a con- 
tinuous spectrum, or else a large number of bright lines well 
distributed in the visible region of the spectrum. The use for 
spectrophotometric measurements of such a standard as that 
proposed by Dr. Steinmetz would not seem feasible. 

With the adoption of a common international unit of lu- 
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minous intensity maintained arbitrarily by means of incan- 
descent lamp secondary standards, such as has been proposed, 
the demand for a suitable primarv standard of light is not as 
urgent as it has been heretofore; it 15 nevertheless just as im- 
portant as ever, and the proposal of Dr. Steinmetz to define 
the standard in watts, with а prescribed spectral distribution, 
is very suggestive. 
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DISCUSSION ON ‘‘ AN IMPERFECTION IN THE USUAL STATEMENT 
OF THE FUNDAMENTAL LAW OF ELECTROMAGNETIC INDUCTION” 


(Subject to final revision for tke Transactions ) 


Chas. P. Steinmetz (by letter): Mr. Hering’s paper is inter- 
esting in that it draws attention to a looseness in the form of 
expressing this law, which is frequently the cause of serious 
misunderstanding, and the waste of much energy and time. 
For instance, in the attempts to invent a coil-wound unipolar 
machine much useless effort could have been avoided by a 
clearer distinction between the general law and the special 
case of its application to a continuous closed conductor. hile 
Mr. Hering’s experiment is interesting in showing an instance 
of a closed electric circuit in which the number of interlinkages 
with the lines of force changes without inducing an electro-. 
motive force, it is not startling to me, as the reverse case, the 
electromagnetic induction of an electromotive force, in a closed 
circuit, without any change of the number of interlinkages of 
the circuit with the magnetic flux, is illustrated by practically 
every unipolar machine. There are thousands of kilowatts 
of such machines now in commercial operation. 

The general law of electromagnetic induction 1s: 

In a conductor moving relatively to a magnetic field, an electromotive 
force is induced which 1s proportional—and in absolute units equal— 
to the product of the intensity of the magnetic field, and the components 
of the length, and of the velocity of the conductor at right angles to the 
magnetic field and to each other. 

It an electric conductor moves relatively to a magnetic field, an electro- 
motive force is induced in the conductor, which is proportional to the in- 
tensity of the magnetic field, to the length of the conductor, and to the 


speed of its motion perpendicular to the magnetic field and the direction 
of the conductor. 


e=e v H sing sin В sin у X 10-8 volts. 


Using the pictorial representation of the magnetic field by 
the lines of magnetic force, as given by Faraday, this means. 
that the electromotive force induced in the conductor equals 
the rate of cutting of the conductor through the lines of mag- 


netic force, that is, gives: eno 10 volts, where 4ф are the 
lines of force cut by the conductor during the time d t. 
Applying this general induction law to the special case— 
which is the most important, but not the only case met in 
electrical engineering—of a continuous conductor closed upon 
itself, or a turn, it follows, as conclusion, that the total electro- 
motive force or resultant electromotive force induced in the 
turn equals the rate of change of the total number of magnetic 
interlinkages of lines of magnetic force enclosed by the turn, 


аф 


һепсе 15: е = ay 107, where ф is the number of lines of 


magnetic force enclosed by the turn or, leaving Faraday’s pic- 
torial representation, ¢ is the magnetic flux enclosed by the turn. 
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Maxwell and J. J. Thompson's statement, as quoted by Mr. 
Hering, are not the most general expressions of the law of in- 
duction, but its formulation for the special case discussed by these 
scientists, of a turn moving with regard to the magnetic field. 

Mathematically speaking, we may see that Maxwell's law is 
the integral expression derived from the general or differential 
law by integration over the whole circuit, under the “ terminal ”’ 
or '' limit " conditions of continuity of conductor and continuity 
of motion, and does not applv to Mr. Hering's experiment, or 
to the general design of unipolar machines, which do not fulfil 
the conditions of continuity of motion, but have parts of the 
conductor sliding over other parts. 

Faraday's expression, of cutting of lines of magnetic force 
by the conductor, is the general law; but in its application to 
unusual cases it must be kept in mind that the “ line of mag- 
netic force " is merely a pictorial representation of the mag- 
netic field in space, as characterized by the two constants, 
intensity, and direction. This pictorial representation, when 
carried so far as to apply to its physical existence, may lead to 
wrong conclusions; for instance, when discussing whether the 
lines of magnetic force of a revolving magnet move with the 
magnet or stand still. Assuming, for instance, a bar magnet 
of circular section 2? + 3? = 72, revolving around its axis 2. ‘hen 
in any point in space, outside of the magnet as well as inside, 
the intensity as well as the direction of the magnetic field is 
constant; that is, the magnetic field is constant, or stationary 
in space, regardless of whether the magnet stands still or re- 
volves. Assuming a second system of coórdinates with the 
same axis, 2, as the magnet, and with the other two axes, x,, 
and y,, stationary with regard to the magnet, and revolving in 
space with the revolutions of the magnet, then with this co- 
ordinate system, x,, y,, 2, the magnetic field at any point, 
inside of the magnet as well as outside, 1s also constant in in- 
tensity and in direction; that is, is stationary. Ог in other 
words, while the two coórdinate systems x, y, z, and х, y,, Zio 
revolve with regard to each other, the magnetic field of the - 
magnet is constant in intensity and in direction, that is, it 1s 
stationary, with regard to either. Physically, this is nothing 
exceptional; it merely means that the condition of stress, which 
we call magnetic field, 1s unvarying in its distribution in space 
as well as with regard to the revolving magnet. Picturing to 
ourselves the magnetic field as lines of magnetic force, it would 
mean that the lines of force are at the same time stationarv 
in space and also revolving with the magnet. This suggests 
that all pictorial representations, no matter how useful, mav 
occasionally become ambiguous. In such cases the only safe 
way 15 to go back to the entities proper, in the present case, the 
magnetic field as a quantity characterized by intensity and 
direction. 

Unfortunately, in teaching, instead of the general law of 
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induction, there 15 frequently given to the student, its specific 
application to the turn or closed continuous conductor as more 
convenient to illustrate and to understand. While in the 
introduction to the elements to electrical engineering this is 
permissible, to get a complete understanding of the phenomena 
of induction, it must be supplemented by an exact discussion 
of the general induction law, that 1s, the mathematical formu- 
lation of Faraday's pictorial representation. | 

А. Е. Kennelly (by letter): The experiment described in the 
paper is both interesting and instructive. Although the experi- 
ment illustrates the proper application of the law of. induction 
when applied to electric circuits, it does not in my opinion contro- 
vert the existing law when properly interpreted; that is, when 
interpreted as intended to be expressed bv its founders, Faraday, 
Maxwell, and others. 

When it is stated that the electromotive force round a circuit 
15 equal to the time-rate of change of the flux linked with that 
circuit, it is inherentlv assumed that the circuit is not inter- 
rupted’ and then established around a new boundary. It 
means, as I understand it, that the circuit contains a simply 
connected region of magnetic flux, through which the boundaries 
mav be flexiblv caused to wander at will. Maxwell specificallv 
rules out the case of multiple-connected regions, bv a special 
proposition to that effect. In Mr. Hering's experiment, the 
boundary of the circuit is cut at one point, and simultaneously 
a second circuit embracing flux 1s introduced at the gap, in such 
a manner that by sliding along the boundaries of the second 
circuit, the magnetic flux may be caused to disappear from 
the embrace of the first circuit. without any intersection of 
flux by the edge of that circuit. This, to my mind, is juggling 
with terms, just as though the circuit were cut and then re- 
closed through a quiescent loop linked with a magnet. Mani- 
festly, no current would be induced through the galvanometer 
by reason of that change, although in one sense of the word 
“circuit ", all of the flux in the loop has suddenly been intro- 
duced into the circuit, 


The instructive value of the experiment described in the 


paper lies, to my mind, in clearing up the question as to which 
is the primordial proposition; that electromotive force is in- 
duced (1) bv the movement of magnetic flux across the boun- 
dary, or (2) bv the introduction of flux into a loop or circuit. 
As ordinarily stated, the two propositions are as closely con- 
nected as the propositions concerning the priority of the chicken 
and the egg, because flux cannot cut the boundary of a loop 
at any point without altering the flux contents of the loop, nor 
can the flux in a loop alter without cutting the boundary some- 
where. The experiment shows, however, that where flux comes 
into a field from a balloon, as distinct from walking over a fence, 
no electromotive force 15 induced, and this indicates that the 
cutting is the primordial conception, to which enclosing is sec- 
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ondary. Of course this cutting electromotive force occurs as 
much in insulators as conductors, but can ordinarilv be re- 
vealed only through the use of conductors. When, therefore, 
a closed circular solenoid, or anchor-ring, is wound with a pri- 
mary and with a secondary coil, we know that in the steadv 
state, if the solenoid is properly wound, there will be no ex- 
ternal magnetic flux due to current in either winding; but the 
change of internal flux due to change of current in one winding 
induces electromotive force in the other, as in the ordinary 
transformer. At first sight, this would look as though there 
were change of enclosing flux without any cutting, but in the 
light of this experiment it seems clear that this is not the case. 
There must be cutting of flux passing from outside to inside of 
the secondary coil, but, incidentally, all the external flux can- 
cels off, or becomes zero in the final steady state. 

Summing up, then, I should think that this experiment 
shows that when the ordinary proposition is enunciated con- 
cerning induction of electromotive force with change of flux 
enclosed in a circuit, it should be borne in mind that the circuit 
is not to be juggled with by interrupting it and changing it 
from a simply-connected to a multiple-connected space. It 
must consist of a single, continuous boundary which, if it moves, 
moves continuously through simply connected space. In this 
understanding, I think we shall all agree. 

Elihu Thomson (by letter): I agree with Dr. Kennelly in 
his view of the state of the case. By passing the spring 
chp over the magnet leg the circuit is virtually opened so far 
as magnetic induction is concerned, and an immovable section 
of conductor is substituted in the gap where all the flux to be 
cut then exists. The conclusion that the real physical sub- 
stance of the circuit (the matter of the circuit) must cut or be 
cut by the lines is in accordance with ту. view of the subject. 
There are innumerable phenomena which have confirmed that 
idea of what is really the circuit to be considered. Otherwise 
in fact, the circuit 1s more metaphysical than phvsical, a sort 
.of mental image onlv. I am glad Mr. Hering has tried the 
experiment, as it will tend to clear up matters which have trou- 
bled students in unipolar induction. I have long regarded 
Faradav's view of /ine cutting as much preferable and more 
universal than the theory of linkages simply. 

The unipolar dynamo is quite practicable for large units of 
220 to 550 volts or more, understanding that greater collector 
losses offset the commutation difficulties with ordinary types 
‚апа that magnetic losses will probably exceed the calculated 
losses considerably. 

There seems to be one universal law which might ђе ex- 
pressed as follows: * It is not possible without chemical or 
thermoelectric action to generate a continuous current in a 
closed circuit without sliding contacts," or '" À magnetic in- 
duction machine.for direct currents must have a commutator 
or sliding contacts of some sort." 
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The experiment might be modified by boring holes through 
the magnet and inserting copper pins, the ends of which would 
be traversed by the ends of the spring clip. Manifestlv since 
there would be no movement of these pins, there could be no 
electromotive force generated when they were traversed. 

In a magnetic blowout arrester the static stress 15 exerted 
at full intensity across the narrower part of the gap in spite 
of the powerful field surrounding it. Аз soon, however, as the 
first shght spark jumps the gap (at the narrower part of course) 
the gases traversed by the current are deflected. Not, how- 
ever, until the matter carrying the current has actually bridged 
the gap does the deflecting action of the field begin. 

If the current be assumed to be a flow of electrons (negative) 
from one molecule to the next contiguous and so on, it is easy 
to understand why the matter of the circuit is the thing concerned 
and not merely an assumed line or direction. 

It may be proper to regard the experiment as involving a 
form of unipolar induction, inasmuch as it is not possible to 
use а coil of numerous turns but one of a single turn. If the 
coil were to be used, it would have to be made up of loops 
which could open and pass over the magnet by riding upon a 
series of pins, insulated from each other, projecting through the 
magnet section, as suggested by me in a modification. Some 
twenty-five or thirty years ago I leaned to the more generalized 
view of Maxwell's law referred to in the paper, but gradually 
grew out of it and adopted Faraday's view of line cutting as 
the essential thing. The lines must be cut by the moving con- 
ductor, or the lines must move and cut the conductor in order 
to generate an electromotive force, and the potential difference 
arises in only that section of the conductor which cuts or is 
cut by the lines. 

I think I should have to modify the universal law, which I 
proposed above, a little in view of Dr. Bruger’s direct-current 
machine. Inasmuch as the resistance of a coil of bismuth wire 
may be changed by a magnetic field, it is evident that if the 
magnetism is $0 used as to increase the resistance of the bis- 
muth.when a current in one direction would be induced in it 
or a part of the circuit in series with it, and if, when the opposite 
pulse was induced, the resistance of the bismuth were lower, 
this would amount to a partial commutation but would be 
accomplished without slipping contacts or any ordinary form of 
commutator. The result, however, would seem to be more of 
a pulsating current or a current in which the values of the 
half waves were unequal, or the wave unsymmetrical with re- 
spect to the zero line; a partially rectified current, so to speak. 
The mercury arc rectifier accomplishes the production of an 
alternating current from a direct current, and other instances 
exist, as is well known, of partial rectification by electrolytic 
cells, vacuum tubes, and the like. It is conceivable that it 
might be possible to use even a selenium cell in place of the 
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bismuth of Dr. Bruger, putting the selenium in the light at one 
time and in the dark at another, to affect synchronous alter- 
nating pulses differently and give a balance of direct current. 
A partially rectified current can be sifted so that the direct- 
current component goes one way, and the alternating-current 
component another way, as by connecting the terminals by a 
non-inductive resistance and connecting the direct-current 
receiving apparatus from the same terminals through a high 
inductance. 

In my paper many years ago, on '' Magnetism in its Relation 
to Induced Electromotive Force and Current" read before 
the American Institute of Electrical Engineers, I rather em- 
phasized the view that a line of force can only finish by col- 
lapsing to a point or infinitesimal closed chain, and can never 
be broken or opened. By this view, to my mind, we have 
the only possible explanation for the varied phenomena of in- 
duction ; that is, we have the only possibility of getting any good 
physical conception of what takes place. 

W. S. Franklin (by letter): What is said in this paper con- 
cerning the law of induced electromotive force is, I think, en- 
tirely correct. I must say, however, that I have never looked 
upon Maxwell's statement of this law in а way which would 
lead me to think of it as not strictly correct. It has always 
seemed to me that the differential equations of the electromag- 
netic field in stationary and in: moving media cover the ground 
completely without any possibility of a misunderstanding. 

The point of view of looking upon the circuit as abstracted 
from definite identifiable material may be illustrated in its 
extreme form as follows: imagine a sheet of copper placed at 
right angles to a steady magnetic field; imagine an electric 
circuit in the form of a circle which starts at a point on the 
copper sheet and spreads outward like a circular ripple on the 
surtace of a pond. This moving circuit, according to Mr. 
Hering's interpretation of Maxwell's generalization of Faraday's 
law, should have electromotive force induced in it, and there- 
fore the stationary sheet of copper in a steady magnetic field 
should have eddy currents circulating in it. Of course I under- 
stand it is precisely this absurd conclusion that is being 
objected to. My point is this: I do not believe that those who 
accept Maxwell's generalization have forgotten the idea of 
actual cutting of lines of force by the material of the electric 
circuit; but it may be said they are likely to be led to forget 
it because of the form of Maxwell's statement of the generalized 
Faraday law. Perhaps that is true, and vet the difficulty 
reduced to its simplest terms is the difficulty of partial differ- 
entiation; a physical condition is a function of several inde- 
pendent variables, such, for example, as space and time. One 
is obliged to think of one variable only changing at a time, but 
one should never for this reason surrender the knowledge that 

al things change together. 
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Percy H. Thomas (by letter): If I understand this paper cor- 
rectly, the experiment is not conclusive, and for the following 
reasons: in drawing off the loop, as long as the ends are rubbing 
on the sides of the magnet, the lines of force may be said to be 
still within the loop. When next those ends come in contact, pre- 
liminary to their separation from the magnet, the galvanometer 
becomes short-circuited and protected from any influence of a 
later change of lines in the loop. In other words, the original 
loop becomes two loops by being connected across the middle. 
None of the lines of force is evidently in the lower loop; all are 
in the upper loop. The upper loop is then broken by withdrawing 
the wires entirely from the magnet, which of course will give 
no deflection. What has really been done, if I understand the 
experiment, is that a portion of the original loop containing the 
galvanometer (but none of the lines) has been cut off by short- 
circuiting, from the whole loop while it still contains the lines, 
and then the main loop has been opened. uM 

W. P. Graham (by letter): It is perhaps open to question 
whether the statements of the law of electromagnetic induction 
by Maxwell and by J. J. Thomson, as quoted by Mr. Hering, 
are sufficiently precise. Their lack of precision may be simply 
illustrated as follows: let a wire be bent round the pole of a 
magnet so as to form a closed circuit linking the magnetic flux. 
Now let the ends of the wire be separated and the magnet 
slipped out between the ends so that the flux ceases to link 
with the wire. Finally, let the wire be again formed into a 
closed circuit with which the flux does not link. If this re- 
established circuit be regarded as the original circuit, the flux 
through the circuit has certainly changed without inducing 
any electromotive force in the wire. 

I think most of us would regard such an interpretation of 
Maxwell or Thomson as a quibble. But essentially the same 
interpretation is made by Mr. Hering in discussing the experi- 
ment with the galvanometer and copper strips. As soon as the 
-copper strips strike the iron, the original circuit, made up of 
copper strips and galvanometer is opened, but a new circuit 
including copper strips, magnet iron and galvanometer is es- 
tablished. Апа as long as the copper strips make contact with 
the magnet, there is no change of flux through this new circuit. 
When the strips leave the inagnet, this new circuit is broken, 
and the old circuit from which the flux has been removed after 
opening it, is re-established. A more accurate statement 
would perhaps be that as soon as the strips strike the iron, the 
old circuit is opened and a new circuit established, to be fol- 
lowed by an infinite succession of other new circuits as the 
strips slip over the iron, and that the flux is removed from each 
one of this succession of circuits, by opening each in turn, and 
establishing its successors; but that there is no change of flux 
through any individual circuit of the series so long as that 
circuit is closed. 
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I agree entirely with Mr. Hering that in presenting the law 
of induction to a class of students, the cutting of the flux by 
the conductor is the point to be emphasized and that Faraday's 
statement of the law is to be preferred. . 

George T. Hanchett (by letter): It would appear from this 
that some modification of Maxwell's version of the laws of in- 
duction should be made. Let us consider two other methods 
of trying this experiment. The first of these is illustrated in 
Fig. 1. The test circuit is slipped over the magnet in the 
usual manner and the initial deflection is observed. It is then 
unlinked (?) with the magnetie circuit by the following device: 
The wires are short-circuited at. A and.the clips at B drawn over 
the magnet limb and removed. There^will be absolutely no 
deflection at the galvanometer as a result-of this action, pro- 
vided, of course, that the short-circuiting is perfect. 


м 


Fic. 1 


The second experiment, illustrated in Fig. 2, provides two 
clips similar to those mentioned by Mr. Hering, but instead of 
drawing them over the body of the magnet, they are drawn 
over a tube or annulus surrounding the limb of the magnet and 
insulated therefrom. It is observed that the detector circuit 
is first short-circuited outside the flux field before any attempt 
is made to unlink it, and by this means the circuit 1s divided 
into two portions, one containing the galvanometer or detector, 
which is short-circuited and removed, and the other containing 
the flux, which is short-circuited and. not removed from the 
magnetic circuit at all. No lines of force are cut by or varied 
in number within a circuit, and in strict accordance with Max- 
well and Faraday no deflection results. In Fig. 2 I have left 
the loop or ring surrounding the magnet limb in order to point 
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out clearly what Mr. Hering has evidently failed to see—that 
in performing his experiment he has left an exactly similar flux 
containing a portion of the circuit behind him in the form of a 
loop of steel which is a part of the magnet limb itself. 

There is no unlinking of the magnetic and electric circuits, 
but instead a mechanical unlinking which deceives the eye. 


Fic. 2 


Electrically, the circuit is linked with the magnet, then а new 
portion of circuit is added in the form of the magnet limb 
itself which is ingeniously caused to do all the linking. Next the 
original circuit now free from flux is removed. This is the 
exact analogue of the experiment which 15 the subject of this 
discussion. 
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REPORT OF THE BOARD OF DIRECTORS FOR THE FISCAL 
YEAR ENDING APRIL 30, 1908. 


The Board of Directors presents herewith for the information of the 
Institute a report of its work during the year, and of the various stand- 
ing and special committees, also the financial standing of the organiza- 
tion. 

The Annual Convention was held at Niagara Falls, June 25-28, 1907. 
The total registered attendance was 459. Thirty-two professional pa- 
pers, including the President's annual address, the report of the Committee 
on а Code of Ethics, and the revised Standardization Rules, were pre- 
sented and discussed. 

The Board of Directors has held 11 regular monthly meetings and one 
special meeting during the year, and the Executive Committee one 
meeting. 

Upon recommendation of the Finance Committee, and with the ap- 
proval of the General Counsel, advance payments were made upon the 
Institute's share of the land occupied by the Engineers’ building. The 
total amount paid was $81,000, covering nine out of the twenty annual 
instalments, up to and including July 1, 1916. These payments were 
made from the Land, Building and Endowment Fund. 

Upon recommendation of the Finance Committee the Institute has 
purchased for investment $12,000.00, face value, New York City registered 
bonds drawing interest at 44 per cent., which were paid for out of the 
current bank balance. 

Board of Examtiners.—Eleven meetings were held during the year, at 
which applications for election as Associates, enrolment as Students, 
and transfer {о the grade of Member, have been reported to the Board 
of Directors as follows: 


Recommended for election as Associates.................1,588 
Not recommended for election as Associates............. 8 
Recommended for enrolment as Students................ 687 
Recommended for transfer to the grade of Member....... 53 
Not recommended for transfer to the grade of Member...... 23 
Held for further 1пЇогтайоп........................... 8 

Total number of applications considered............ 2,307 


Sections Committee —Prior to the adoption of the new Constitution a 
year ago the local organizations were divided into three classes: namely, 
Branches, University Branches, and Student Meetings. The total num- 
ber of local organizations of all classes on April 30, 1907, was 33. Under 
the new Constitution the local organizations were divided into two 
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classes: Sections and Branches. There are now 48 local organizations, 
22 of which are Sections, and 26 Branches; an increase of 15 during the 
year. Of this number four are Sections, organized at Toledo, Cleveland, 
Norfolk, and the City of Mexico. The other 11 are Branches located 
in various parts of the country. In addition to the Sections and 
Branches organized during the vear, the committee has received 
many inquiries from different cities respecting the organization of Sec- 
tions. The reports of local secretaries show that 284 meetings were 
held at the different Sections and Branches during the year, with a 
total attendance of 11,6004. At these meetings 204 original papers were 
presented, in addition to which 104 Institute papers were discussed. 
The increasing interest taken in section work as shown by the facts 
presented in this report is further indicated by the large number of visit- 
ing speakers who have at various times during the year been invited to 
take part in section and branch meetings. The results of the year's 
work аге very encouraging, and there is every reason to believe there 
would be even a more satisfactory showing had all the local meetings 
been reported to the secretary of the Institute. 

Building Fund Commuttee.—Notwithstanding the financial depression 
of the latter half of the year, the Building Fund Committee is able to 
report that the number of subscribers to the Fund has increased from 
934 to 1,538. The amount subscribed during the year was $6,464.68, 
showing an average for the new subscribers of a little over $10.00 per 
capita. The amount collected and placed in the treasury of the Institute 
during the year by the committee was $10,780.23. The total amount 
now pledged by the efforts of the committee is $170,199.15, out of which 
$135,609.50 has already been collected. It will thus be seen that the Fund 
has made substantial and encouraging progress, and it 1s hoped that 
with the return of prosperity the remaining $15,000 required may be ob- 
tainable from the membership, so that the Institute may enter upon its 
second quarter of a century in 1909 absolutely free of debt. While the 
number of subscribers is already so large, it is believed that amongst 
those who have not yet subscribed, and especially amongst the newer 
members, there will be found enough public spirited men to extinguish 
the small amount of indebtedness not now provided for. The committee 
feels strongly the desirability of basing the subscription list as broadly 
as possible, and while it has been successful in securing some very large 
individual gifts, it has and is still directiny its efforts more particularly 
in the line of smaller amounts. 

Standards Committce.—The Standards Committe has held three meet- 
ings since its appointment. Through its members it has engaged in а 
number of conferences with representatives from other national asso- 
ciations, including the National Bureau of Standards, with а view to 
assisting т a movement for an international agreement as to standard of 
light. The work of recomputing a wire table is held in abeyance until 
the National Bureau of Standards announces the value of the tem- 
perature coefficient of resistivity of copper, which is being determined. 

Library Comniutte.— The. complete report of this Committee will be 
printed in the Institute PRocEEDINGS in the near future. 

Committee on Bibltography.-- The catalogue of the Latimer Clark 
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Library, which was presented to the Institute in 1901 by Dr. Schuyler 
Skaats Wheeler, is now ready for printing. A very large amount of 
painstaking effort has been expended upon this work, and the proofs 
have been carefully revised by many authorities both in this countrv 
and abroad. 

Meetings and Papers Committee.— During the year this committee has 


„arranged for eight regular and two special meetings and a meeting in honor 


» 


of Lord Kelvin. Тће special meetings were on the subject of Forest 
Preservation and Technical Education, the latter under the auspices of 
the Educational Sub-Committee. А total of seventeen papers were 
read at these meetings. 

The regular annual convention was held at Niagara Falls under the 
auspices of the last committee. Preparations are now being made for 
the coming convention at Atlantic City. About thirty-three papers, of 


. which many are short, will be presented. 


The committee has made a vigorous effort to publish the papers in 
the issue of the PROCEEDINGS immediately in advance of the meeting, 


.and this result has been accomplished in all instances with one possible 


exception. Ц is believed that it is a great advantage for the member- 
ship at large to have the papers in their hands some days in advance 
of the meeting. The manuscripts for the convention papers have nearly 
all been received and will be published in the May and June Pro- 
CEEDINGS as far as possible. 

It has been the practice of the committee during the present year to 
consider the various sub-committees as practically independent bodies, 
except so far as the arrangement of dates and the editorial revision of 
papers is concerned. The initiative in the choice of subjects, the solicit- 
ing and accepting of papers, etc., have been in the hands of sub-com- 
mittees. This is believed to be the only practical method of conducting 
the work. The present arrangement of the sub-committees, if treated 
in a liberal spirit, seems to be a very desirable one. 

Papers presented at the Section meetings have been considered bv 
the same standard as the papers submitted for the New York meetings, 
апа a number have been printed in the PRocEEDINGs during the year. 

Educational. Sub-Comnmittec.— During the winter several meetings of 
this committee have been held in New York City. As a sub-committee 


.of the Meetings and Papers Committee, the first function of this com- 


mittee is to obtain papers on the subject of technical education, and to 
arrange for meetings. Accordingly а special meeting of the Institute 
was held on January 24, 1908, at which two papers on engineering edu- 
cation were presented. Eighteen members of the Institute took part 
in the discussion which followed. 

The University Branches throughout the country were urged to take 
up the subject of technical education and devote a session to it, which 
many of them did. The chairman of this committee conducted the 
meeting on this subject at the University of Illinois. He also visited 


several other technical institutions during the vear. The committee 


has arranged for the presentation of several papers on technical edu- 


_¢ation at the coming convention at Atlantic City. 


Railway Sub-Committee. —The Railway Committee during the past year 
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has acted in conjunction with the Meetings and Papers Committee in 
obtaining papers and speakers on railway subjects. The committee sug- 
gests thatone of its members beappointed on the Standards Committee, 
and that all matters relating to the standardization of railway appar- 
atus or railway practices be referred to it by the Standards Committee. 
The field of usefulness of the Railway Committee appears to be three- 
fold—acting in an advisory capacity to the Meetings and Papers Com- 
mittee the Standards Committee, and the High Tension Transmission 
Committee, and while its activities have been largely limited to acting 
in conjunction with the Meetings and Papers Committee during the 
past year, it is probable that the continued existence of the committee 
wil demonstrate the benefit resulting from broadening its duties. 

Editing Committec.—Since September, 1907, there have been edited 
and published eight numbers of the PRocEEDINGS. The total number 
of pages of these PRocEEDINGS is 1494; of this total, 454 pages have ap- 
peared as Section I, 1040 pages as Section Il. Of the 1040 pages in 
Section II, 580 pages were devoted to technical papers, and 460 pages 
to discussions. In editing the discussions, the Committee has en- 
deavored consistently to make them approach the well established In- 
stitute standards of style as to substance and form. 

This committee has conferred with the Meetings and Papers Committee 
in regard to the publication of Volume XXVI of the TRANSACTIONS. 
This conference has decided that the TRANsAcTIONS for 1907, consisting 
of approximately 1850 pages of papers, discussions and reports, be printed 
in two parts. Part I is now at the bindery and Part II is in press. Both 
parts will probably be ready for distribution in July. 

Law Committee.—The Law Committee held six meetings during the 
year. Its most important work has been the revision of the By-laws 
to conform to the new Constitution. In this work the committee was 
assisted by members of other committees and by suggestions and com- 
ments from Institute members. The proposed new By-laws are now 
in form for presentation to the Board of Directors. 

Other matters to receive the attention of the committee during the 
year were: the discrepancy between the dates of the Annual Meeting 
as set forth in the Charter and in the Constitution; the resolutions of the 
past-presidents embodying several important suggestions; resolutions 
of the Toronto Section respecting an intermediate grade of member- 
ship in the Institute. 

Code Comnittee.— The Code Committee has held five meetings during the 
year for the discussion of some of the more important changes which have 
been proposed for embodiment in the National Electrical Code. The 
committee requests that any member of the Institute who may have 
noted instances of ambiguity in the present rules of the code bring the 
matter to the attention of Mr. C. M. Goddard, Secretary of the Under- 
writers Electrical Committee, 55 Kilby Street, Boston, Mass., preferably 
with a suggested modified wording to avoid the ambiguity. 

The Code Committee was officially represented by its chairman at the 
meeting of the Underwriters National Electric. Association, March 265 
and 26; also of the meeting of the National Conference on Standard Elec- 
trical Rules on March 27. 
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Committee on Forest Preservation.—This committee has devoted its 
efforts largely to emphasizing the importance of forest preservation 
from the standpoint of the protection of water powers. As a result of 
the suggestions of the committee, meetings devoted to this subject were 
arranged by the local officers of the Atlanta, Boston, Minneapolis, Pitts- 
field, and Urbana Sections. Through the coóperation of the Meetings and 
Papers Committee Mr. Gifford Pinchot read a paper on the '' Conserva- 
tion of Natural Resources” at a special New York meeting of the Institute. 

Through the courtesy of the Forest Service copies of the report of the 
Secretary of Agriculture on Southern Appalachian and White Mountain 
Watersheds were sent to all members of the Institute. 

In accordance with its instructions the committee transmitted to the 
members of congress the resolutions on forest preservation adopted by 
the Board of Directors, and the Institute was represented at the con- 
gressional hearing on the Appalachian Forest Bill by Messrs. Schoen and 
Waddell, who have already presented their report. That many members 
of congress do not appreciate the importance of the protection of water 
powers has been conclusively demonstrated during the present session, 
and this committee feels that the Institute as an organization as well 
,as the individual members should exert all legitimate influence to further 
legislation tending to protect the head-waters of streams on which impor- 
tant water powers are located. It is only by the active efforts of 
every one interested that any results can be accomplished. 

International Electrotechnical Commission.—No meeting either of the 
International Electrotechnical Commission or of the United States sub- 
committee has been held during the year. А meeting of the International 
Electrotechnical Commission is contemplated for next fall, in London. 

Various communications have been received from the acting secre- 
tary of the International Commission, and replies have been forwarded. 
In particular, a glossary of terms, A-G, prepared by the British special 
committee on nomenclature, was received in February, for consideration. 
It was transmitted to the Standards Committee, and received the con- 
sideration of that committee in March. The opinion and suggestions 
of the Standards Committee were communicated to the acting secretary 
of the Commission in London, under date of March 19, 1908. 

Code о} Ethics Committee —A reprint of the proposed Code was mailed 
to all members in September, 1907, with a request for suggestions and 
criticisms, and a large number of very interesting and valuable replies 
were received. 

Two meetings of the committee have been held at which the subject 
. was discussed, but definite action was not taken, as all the members 
were not present. 

Upon invitation of the Faculty of Science of Columbia University, the 
chairman made an address upon the subject before the graduating class. 

Edison Medal Committee.—Competition for the Edison Medal under 
the terms of the original " Deed of Gift Creating the Edison Medal " 
having been demonstrated a practical failure, a new and substitute 
deed of gift has been executed. 

By the terms of the new deed, the Edison Medal is no Мере open to 
competition, but is to be awarded for '' Meritorious Achievement in 
Electrical Science, or Electrical Engineering, or the Electrical Arts.” 
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The next important work before the committee is to formulate new 
By-laws to govern its proceedings in consonance with the new deed. 

Increase of Membership Committee.—This committee has been continu- 
ously active in bringing the advantages of Institute membership to the 
attention of desirable candidates. The number of applications for ad- 
mission to the Institute as Associates received from October 1, 1907, 
-at which time the present committee began its work, to April 30, 1908, 
is 874. No doubt a considerable number in addition will be received 
during the next few months, as a result of letters and printed matter 
already forwarded to prospective applicants whose names have been 
suggested to the committee. 

Membership.—The present total membership and the increase during 
the past year are indicated below: 


Membership April 30, 1907.......................... 2 536 3,983 | 4,521 


Additions: 

| New аззосїа!ез................................| ... Sig 1,361 

B Ттапв!еттей...................................] dva 43 — 

Deductions: | 

7 DO sate acetate oe батина пили er PR RE 1 1 21 
Resigned озшен bi е ка Couey aaa SN ae NS M 3 54 
Dropped шше. икалык eo ed а Sa AREY grecs 2 126 
Тгапзјегтед.................................. ИН Pis 43 

Membership April 30, 1908. ........................ 1 573 5,100 5,674 

Меј increase in membership during the уеаг..................... 1,153 


Restgnations.—The following Members and Associates have resigned 
-during the year in good standing: 


Members.—C. Batchelor, D. H. Fitch, George A. Redman. 

Associates.—P. L. Anderson, C. A. Babtiste, C. D. Bailey, T. P. Bailey, 
F. P. Beach, T. W. Blake, J. H. Brown, J. S. Butler, P. G. Chace, E. H. 
Clarke, F. E. d'Humy, R. N. Dickinson, T. E. Doubt, G. F. Durant, 
J. M. Eglin, А. S. Fairbanks, T. Z. Franklin, C. Furgueson, W. Н. Gallaher, 
L. T. Girdler, Louis Glass, H. €. Goldrick, Heatley Green, E. C. Hall, 
L. I. Hall, N. H. Heft, C. M. Heminway, Ho Hidetaro, J. S. Hill, Robert 
:Hiltbrand, E. Hockett, А. C. King, A. H. Lidderdale, A. Marston, Н.Н. 
`В. Meyer, 5. A. Moss, L. С. Е. Nautre, J. S. Neave, E. J. O'Beirne, A. С. 
Palgrave, С. C. Parks, Н. А. Pharo, A. Pratt, L. W. Pratt, W. T. Ritchie, 
Bernard Rowntree, A. Hugh Scott, Oliver Shiras, J. F. Skirrow, B. K. 
Sweeney, H. P. Tewksbury, J. C. Walter, A. J. Wood, F. V. Young. 

Total resignations, 57. 

Deaths.—The following deaths have occurred during the year: 

Honorary Members.—Lord Kelvin. | 

Members.—C. К. Stearns. 

Associates.—F. C. Barr, U.S. Bell, T. V. Bolan, E. B. Brisley, E. Daniel- 
son, L. J. Deremo, C. D. Howell, W. A. Kreidler, L. J. Magee, C. P. 
J Matthews, L. К. Perot, W. J. Phelps, H. L. Price, O. В. Roberson, Paul 
. Robinson, J. M. Simpson, J. J. Skidmore, L. W. Snowden, F. P. Spiese, 
D. B. Watson, Charles Williams, Jr. 

Total deaths, 23. 

Delinquent.—Dropped as delinquent during the year, 128. 


1908] REPORT OF BOARD OF DIRECTORS 1377 


The average receipts and disbursements per capita for the past seven 
years, are shown in the following table: 


RECEIPTS AND DISBURSEMENTS PER YEAR PER MEMBER. 


During each fiscal year for the past seven years. 


Уеаг............................... 1902 1903 1904 1905 1906 1907 1908 
Membership, April 30th, each year.... 1549 2230 3027 3460 3870 4521 5674 
RECEIPTS PER ее 
Entrance Fees.. ү ....... $1.16 $1.59 $1.65 $0.83 $0.75 $0.90 $1.21 
Dues.. ... 10.06 901 933 9.30 9.47 8.95 9.36 
Transactions, Sales, Advertising. ees 1.54 1.79 2.11 1.70 2.15 1.81 1.83 
Badges.. eia РУОР .26 .35 .39 .28 .27 .30 .43 
Interest.. ——— .24 .21 .18 21 .13 .25 .18 


$13.26 $12.95 $13.60 $12.32 $12.77 $12.21 $13.01 
ее PER MEMBER 


Transactions........ . $3.50 $4.67 $3.43 $3.77 $3.33 $2.83 $3.51 
Salaries. . 278 2.49 2.50 220 2.64 2.53 2.55 
Meeting Expenses, incl. SSections.. 1.13 .87 1.16 .82 .68 .68 .91 
Ной s voe лкк Pack e Eu RE Ru .94 .65 ‚79 ‚75 .68 1.33 1.15 
Library, incl. Salaries.. eS.» 1.85 1.38 1.39 .81 .69 1.37 .51 
Postage.. vq .51 .69 .66 .66 .58 .59 .65 
Stationery and Miscel. Printing. "n .53 96 1.01 ‚70 78 ‚85 ‚80 
General Бае зы : aoe .59 .52 ‚45 .54 .29 .43 .62 
Badges.. vs setane tenens 419 .27 35 .25 .22 .29 .40 
Express.. vaio E iecit ere .15 .15 .28 .22 .23 .28 .14 
Advertising... o 0s eee .36 .30 .35 
Office Еп пав.................... .14 .14 
Total.. T" ..$12.17 $12.65 $12.02 $10.72 $10.48 $11.62 $11.73 
Credit Balance per "Member..........- $1.09 $0.30 $1.64 $1.60 $2.29 $0.59 $1.28 


LAND, BUILDING AND ENDOWMENT FUND. 


RECEIPTS. DISBURSEMENTS. 
Before appointment of Com- Paid United Engineering So- 
mittee ......$ 6,100.00 ciety, acct. of contract......$ 8,000.00 
Collected by Commtittee.. ..... 135,609.50 Paid United Engineering So- 
Interest on balances. ......... 4,998.40 ciety, acct. of mortgage..... 99,000.00 
Paid United Engineering So- 
pi acct. of interest....... 16,289.45 
АЕ of Committee........ 10,070.14 
nce in bank, May 1, 1908.. 13,348.31 
` Тоба!................... » $146,707.90 Total............... s... -$146, 707.90 


GENERAL FINANCIAL STATEMENT. 


New York, May 13, 1908. 
Mr. Н. С. Ѕтотт, 


President American Institute of Electrical Engineers, 
No. 33 West 39th Street, New York City. 


Dear Str: The Finance Committee has during the past year conformed 
to the provisions of the Constitution and By-laws describing the duties 
of the committee. It respectfully submits herewith the report of the 
chartered accountants, Messrs. Peirce, Gimson & Company, who have 
audited the books of the Institute for the year. | 

The committee has personally examined the securities held by the 
Institute, and found them to be as stated in the balance sheet. 

In accordance with instructions from the Board, your committee has 
invested a part of the Institute's surplus funds in high-grade securities 


~ 
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and :n view of the prosperous condition of the Institute, believes that 
additional security апа increased income can be had by continuing to 
follow this policy of investing surplus funds not required for immediate 
use, in high-grade bonds. 

Respectfully submitted, 


CALVERT TOWNLEY, 
Chairman Finance Committee. 


New York, May 14, 1908. 
MR. CALVERT TOWNLEY, 


Chairman Committee оп Finance. 


Sir: In accordance with your instructions, we have audited the books 
and accounts of the American Institute of Electrical Engineers for the 
year ended April 30, 1908. 

The results of this examination are presented in four exhibits, attached 
hereto, as follows: 

Exhibit A. Balance sheet, April 30, 1908. 

Exhibit B. Receipts and disbursements for general purposes for year 
ended April 30, 1908. 

Exhibit C. Receipts and donations for designated purposes, also ex- 
penditures on same for year ended April 30, 1908. 

Exhibit D. Condensed cash statement. 

We beg to present attached hereto our certificate to the aforesaid 
exhibits, 

Yours very truly, 


PEIRCE, Gimson & Co., 
Certified Public Accountants. 


New York, May 14, 1908. 
Mr. CALVERT TOWNLEY, 


Chairman Committee on Finance. 


Dear Sir: Having audited the books and accounts of the American 
Institute of Electrical Engineers for the year ended April 30, 1908, we 
hereby certify that the accompanying Balance Sheet is a true exhibit 
of its financial condition as of April 30, 1908, and that the accompanying 
statements of Cash Receipts and Disbursements are correct. 


PEiRCE, Gimson & Co., 
Certified Public Accountants. 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


BALANCE SHEET APRIL 30, 1908. 


Ехнївїт A. 


ASSETS. 
CASH: 
Land, Building an 


Endowment БА $13,348.31 
Carnegie (Library) 
fu 3,168.19 
General Library 
fund..... 244.15 
Gon sounded ` Mem- 
‚ bership fund..... 5,600.00 
*Mailloux fund..... 1,017.35 
International Elec- 
trical Congress of 
St. Louis, 1904, 
Library fund..... 2,253.34 
— $25,031.34 
TGeneral cash in 
bank . 12,225.71 
ELE petty 
cash on hand. 500.00 
12,725.71 
United States Gov- 
ernment Bonds 3s, 
1918.. 8,000.00 
Premium on Bonds. 320.00 
8,320.00 
New York City 44% 
Gold Bonds, 1957 12,000.00 
Premium on Bonds. 677.50 
—— ———— 12,677.50 
Equity in Societies 
Juilding (25 to 33 
West 39th Street) 353,346.61 
One-third cost of 
land (25 to 33 
West 39th Street) 180,000.00 
———— 533,346.01 
Library volumes and 
fixtures.......... 25,375.88 
Transactions.. 4,654.75 
Office furniture and 
fixtures.......... 5,215.04 
Works of art, paint- 
ings, е(!с......... 2,300.00 
Badges..... 576.3 
38,122.02 
AccouNTS RECEIVABLE: 
Members for past 
dues.. : 11,365.75 
Members for en- 
trance fees....... 425.00 
——-——-—— 11,790.75 
Miscellaneous. . Я 280.54 
Subscriptions....... 26.98 
For advertising..... 2,007.25 
2,323.77 
Total Assets.. ..$644,937.70 


* The Farmers’ Loan and Trust Co. de- 
posit account includes $17.35 of the Mail- 
loux Fund. 

t $75.00 of the Weaver donation. 


LÀ n Е о ————— M — H——oÓ——— —M(—— Áo 


LiABILITIBS AND SURPLUS. 

Funns: 
Land, Building and 
Endowment Fund 
Carnegie (Library) 


+ е ж э ез ето 


$13,348.31 
3,168.19 
244.15 


5.600.00 
1,017.35 


бат овна Mem- 
bership Fund. 
Mailloux Fund..... 
International  Elec- 
trical Congress of 
St. Louis, 1904, 
Library Funes 
Principal.. е 
Unexpended | In- 
соте......... А 


2,146.12 


107.22 
$25,031.34 


Reserve fund (U. S. 
Govt. Bonds).... 
United Engineering 
Society (for cost 
of land)......... 


Total liabilities 


8,320.00 


81,000.00 
$114,951.34 
SURPLUS: 


In cash.. 
New York City 


. $12,243.06 
12,677.50 
505,065.80 


In property and ac- 
counts receivable. 
529,086.36 


Total Маши: and sur- 


plus.. . .$644,937.70 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


RECEIPTS AND DISBURSEMENTS FOR GENERAL PURPOSES FoR YEAR 
ENDED APRIL 30, 1908. 


Ехнївїт В. 


RECEIPTS. 
Entrance Fees......... $6,865.00 
Current Dues......... .45,036.73 
Past Dues. . — 4,088.75 
Advance Dues. T . 182.50 
Students' Dues........ 3,323.00 
Transfer Fees......... 460. 
Вадре аа оой ‚442. 


Sales, Transactions, etc. 1,240.77 


Su СРИВА Proceed- 


ings..... 1,085.90 
Advertising.. 7,782.87 
ВїпЧйїпй.............. 71.00 
Exchange........ EORR 20.65 
INTEREST: 

U. S. Govt. Bonds: 240.00 

Bank и 770.30 
Royalty.. T 154 

Total cu ov soto x xw du eas 


; 40 
——— 11,365.89 


$73,763.87 


DISBURSEMENTS. 
Stationery and Printing$4,559.27 
Postage. ... MY 13.93 
General Expenses TTE 2. 460 


Meeting ози pas 2,436.60 
Section MEE пез 2,749.82 
Badges.. ......... 2,247.39 
Сба1апе$............... 12,086.00 
Dedication............ 1,064.71 
Office Furniture.... 83 


783.12 
—— —— — $32, 101.53 
PROCEED NGS TRANSACTIONS 


rinting.... 324.23 
Зајагу............ р 
Engraving........ 830.96 
Volumes.. ... 4,202.70 
Electroty ping DS 1,008.66 
Binding.......... 512.60 
Express. 793.89 
Advertising. Com 

missions. DA 1 ‚959.02 

———— 25,024.06 
LIBRARY: 
Furniture.. i 290.80 
Librarians salaries 1,314.00 


Books and binding 425.49 
Library insurance. 


Moving шн 643.83 

Miscellaneous.. 165.96 
—— —— —— 2,900.08 

United Engineering Society As- 
sessments .,..........,...... 6,533.33 
Total.. . $66,559.90 


Excess receipts. ‘over ' disburse 
ments deposited in general fund 7,203.97 


$73,763.87 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


RECEIPTS AND DONATIONS FOR DESIGNATED PURPOSES, ALSO EXPENDI- 


TURES FOR YEAR ENDED APRIL 30, 1908. 


Ехнівіт С. 
RECEIPTS. 


Land, Building and Endowment vo Pana uona, шге! еїс. 
Carnegie 1008809 Fund, е "CP ў МС 
General Lib a Fund, Interest., 

Compounded № embership Fund.. 


. $14,335.85 
. 107.43 


International Electrical Congress of St. ‘Louis, 1904, Library Fund, ‘on 


account of Principal.. 


International Electrical Congress o of $t t. Louis, | 1904, ‚ Library 1 Fund, ‘on 


account of Interest.. 
Mailloux Fund, Interest. . 
Weaver Donation.. 


Total.. 
Excess of Expenditures over ‘Receipts (as below)... 


EXPENDITURES. 


Land, Building and Endowment Fund, on accotint of Mortgage.. 
Land, нне and Endowment Fund. on account or иие and 


pen 
Ganee (Library) Fund.. 
Compounded оо Fund.. 
Mailloux Fund.. - 
Weaver Donation.. 


Total Expenditures........ 


64.68 
30.00 
100.00 
. . $15,488.46 
. 82,819.32 


$98,307.78 


. $90,000.00 
Sx 


...$98,307.78 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


CONDENSED CASH STATEMENT. 


ExuiBiT D. 
Cash on deposit April 30th, 1007..... e EE mnn $126,149.90 
Secretary's petty cash, April 30th, 1907.................... 500.00 ° 

$126,649.90 ` 
Receipts for general purposes, Exhibit " B ” uA ER p 73,763.87 
Receipts for designated purposes, Exhibit '' ERE саакеа 15,488.46 

————— $215,902.23 
Disbursements for general purposes, Exhibit " B *........... $66,559.90 
Expenditures for designated purposes, Exhibit “ ev. M 98,307.78 
Expended for New York City 44% Вопд5.................. 12,677.50 

———— $177,545.18 
Balance on hand, April 30th, 1908.. bb ud C dere $38,357.05 
On deposit for designated purposes, Exhibit “А”. ....... $25,613.99 
On deposit for general urposes, | Exhibit “А” Be aig A Ite S 12,243.06 
Secretary's petty cash, Exhibit “ A ”.. dude a e zs 500 

$38,357.05 
PROPERTY ACQUIRED DURING THE YEAR. 

Office Rurniture and РїхФигев.......................................... $783.12 
Library Books and Вїпйїпщ.................................. 55.5.» 855.34 


АП outstanding bills due prior to May 1, 1908, have been paid. 
Respectfully submitted for the Board of Directors. 

RALPH W. POPE, Secretary. 
New York, May 19, 1908. 


РО ПЕН a У „ы 
CC —————— | 


———— y — —= A40 


REPORT OF THE LIBRARY COMMITTEE. 


We beg to submit herewith our report giving the more important 
features of the growth and operation of the library for the year ending 
April 30, 1908; with a statement of the present condition of the several 
library funds and of the expenditures for the year. 

The gifts to the Library through its members and others have num- 
bered nearly 300 volumes together with a very large number of pamphlets 
as yet unlisted and not included in the statistics presented herewith. 
The total valuation of the books and pamphlets is now placed at $23,406.55 
an increase of $855.34 for the year. The complete list of donors with 
the number of volumes presented by each is as follows: 


Donors 
ADAMS, EDWARD Їр.................. anne OE RO NET pill 
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS...........10 
ANDREWS, W. 5............. ери ТУ NUS ow S Vs icon rh 
AUDEL & CO., THEO....... Bee: As i hti teat qt te f po E. ©. | 
BOSTON TRANSIT СОММ158105%.............. PN са uan 1 
BOUCHER. W. Jules dius ode d | UR ана 9 
BUREAU OF LABOR, СОММЕСТЕСЏТ..................... iu Wi 
CAMP. а 1 
CHEMICAL PUBLISHING COMPANY........... usu id uoce ua 4 
CLAYTON & СВА!С............. РУТЕ ... 1 
GROSSMAN: Бањана Eu x иан е оо Саит 1 
CUSHING, Н. C., ЈЕ............ Ива с D Mp ir, 1 
DEPARTMENT OF THE 1МТЕК!ОКВ........................... 1 
DOREMUS, DR. CHAS. А.................................. 1 
DRAKE & CO., ЕКЕРЕВЇСК.......................... РЕК | 
ELECTRICIAN PRINTING AND PUBLISHING COMPANY, LONDON.... 6 
ENGINEERING NEWS PUBLISHING COMPANY................. 1 
FLOY, HENRY....... Мт dus Fes eid Ро tcs dea gra dd 1 
FOWLER, W. H........ ЕО oett и а пл dva 1 
FRANKLIN; PROP. W. $................................... 1 
САШТҤШЕК-УПЛ,АК5...................................... 1 
GENERAL ELECTRIC СО............... so dece i ade dv aed 1 
HAMMOND, R........ RS achte the as ste fe ta aot aes e ct tod TP 1 
HENLEY PUBLISHING COMPANY, М. \/.................... TP 
HERING: CARIUS Лы ун а шк deed E sean tacet DURO vado ed Н 2 
HOBART. & BELLIS. dace йиз Кш RE ERO | 1 
JENES; Ма gus paced o dedo tee AOE ubl Nux REC puis 1 
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KANSAS GAS, WATER, ELECTRIC LIGHT & STREET RAILWAY ASSO.. 1 


LIBRARY OF СОМОСКЕ55................................... 1 
LINDSAY, C. муз со Л du wis MAS Od ти sales 1 
LOCK WOOD; THOMAS Рр................................... 1 
MCGRAW PUBLISHING СОМРАМУ........................... 39 
MACMILLAN COMPANY, ТНЕ............................... 7 
MAILELOUX, C: Оз. о RE Se Raise ша ws Казак weed gcc eee 11 
MARTIN; TC pp cea ks oh eli ah etaed xata ee ла а 1 
MORTON, DR. WM. ]..................................... 1 
MUNICIPAL OWNERSHIP PUBLISHING ВОВЕАЈ................ 4 
NATIONAL CIVIC РЕРЕКАТ1ОМ.............................. 3 
NEW YORK EDISON СОМРАМҮ.......................... — 
OHIO ELECTRIC LIGHT А5БОСТАТЛОЋ.........................2 
POOLE, CECIL Рух esie dest fax uou Os dte db M Om aid ie ofa 2 
PUBLIC SERVICE COMMISSION FOR THE FIRST DISTRICT ........28 
RAILROAD GAZETTE ил о S Ig iss 2 
SCIENTIFIC PUBLISHING СОМРАМУ...,...................... 2 
SCRIBNER'S SONS, CHARLES.......... 000: cece e. 1 
SHELDON, DR. $АМОЕГ,................................... 1 
SPON AND СНАМВЕВКГ,А!ЇМЇ................................. 5 
U. S. NAVAL INTELLIGENCE ОРРЇ1СЕ........................ 6 
UNIVERSITY OF ПЛЛМО!1$....................... TRU ENS 1 
УАТ Но ел 6 
VAN NOSTRAND, D., & СО................................ 2 
WOLCOTT, TOWNSEND.......... Sad OA ee OR СУК: 1 
WEAVER. Wo » СЗЕРЕ ТЕ ИУ eres oe E Ste RU aeo v I qud dd 66 
WESTERN UNION TELEGRAPH СОМРАХУ.................... 1 
WESTINGHOUSE ELECTRIC AND MANUFACTURING COMPANY.... 3 
WHITTAKER СО уа wer Varie лз 4 
WILEY & SONS, }ОНМ.................................... 6 
WYNKOOP. Hi Succ pedem IE xL ee b E edad 1 


The general statistics of the Library and its valuation are shown т 
the following tabulation: 


STATISTICS OF LIBRARY, MAY 1, 1908 


Vol- | Pam- 
Source Titles | umes | phlets| Valuation 


—- шс————————————————————————— „м ——  — а а — — H— еа 


Report of May 1, 1907..............................| 7649 |11186 565 | $22,551.21 
PURCHASES: 


Mailloux ЁипЧд................................. 4 11 20.20 

Institute Арргорпайпоп......................... 82 84 210.14 

Weaver Ёишпд................................. 3 47 25.00 

Peénodicals а са Уе ey OSA ee ees 160 253 506.00 
GIFTS: 

Edward D. Ааап............................. 3 11 39.00 

From all other зоцгсе5.......................... 75 236 55.00 


Totals including дирћса(ез..........................| 7976 |11828 565 | $23,406.55 
Duplicates и расна на ei у Bee а авина ЗОВ 609 824.74 
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In the following table are given the figures for the total valuation of 
the library property including $290.80 expended for new stacks during 
the past year: 


Тотл VALUATION 


ВооКзв.................................... C EE eC et oases o $23,406.55 
СТАС е etes Ios ои E с SUG ла CES TIO 
Furniture, Catalogues, Cases, е!с.................................. 208.28 

$25,375.88 


The following tabulations give the state of the five funds from which 
the Library Committee is entitled to draw: 


DonaTIons (GENERAL LIBRARY FUND) 


Dr. Cr. 
Balance May 1, 1907............ .5237.00 
Interest May 1, 1908............. 7.15 Unexpended..................... 244.15 
$244.15 $244.15 
CARNEGIE FUND 4 
Dr. ` Сг. 
Balance May 1, 1907.............3529.60 Wheeler Bibliography............ 468.84 
Interest Мау 1, 1908............ 107.43 Unexpended.................... 3108.19 
$3637 .03 $3637 .03 


MaILLoux ENDOWMENT FuND ($1000) 
(Proceeds for the maintenanyof certain sets of periodical publications) 


Dr. Cr. 
Balance May 1, 1907..............$ 7.55 | Subscriptions..................... 20.20 
Interest May 1, 1908.............. 30.00 Шпехреп4ей...................... 17.35 
$37 .55 $37.55 


INTERNATIONAL ELECTRICAL CONGRESS OF ST. 1.0015, 1904, Еџмр 


(Principal) 
Principal May 1,1907............................................%2097.56 
Additions to Fund. uer kp Re SERO NGC ааа 48 . 56 
$2146.12 
( Proceeds) 
(Available for the purchase of International Electrical Literature) 
Dr. Cr. 
Interest accrued prior to May 1, 
1907......................... 42.54 
Interest to May 1, 1908............ 64.68 
$107.22 Unexpended.....................$107.22 
WEAVER FUND 
(For early and out of print electrical literature) 
Dr. Cr. 
Amount of Fund................. $100.00 Ехрепдеа.......................525.00 


Чпехрепдед..................... 75.00 


$100.00 
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Dr. 
Appropriation for Maintenance for 
Year ending October 31, 1907..$3500.00 


INSTITUTE APPROPRIATION ACCOUNT 


Insurance........ 


Supplies. ....... 


Subscriptions.............. ee eee 
Express and Postage...... 


Fixtures............ 
Miscellaneous........ 


Unexpended........... 


Cr. 


Salary, Librarian. ............ 
M Assistant.......... 
Binding ees у-у READY Sows $35 


......$ 60.90 
` | 1314.00 


215.35 
41.62 
40.74 

6.90 

210.14 

290.80 
76.70 

643.83 

599.02 


$3500.00 


The above table shows total expenditures of $2900.98 out of the entire 


appropriation of $3500.00. 


The salary account is increased nearly $500 


by reason of the additional attendance made necessary by keeping the 


= -—: 


ACCESSION NO. 


A^. L E E, LIBRARY 
INVENTORY AND INSPEQTION. 


Wheeler Collection ____. __._.__---------- - Па Лан 


Not Wheeler Collection 
Pamphlet.. 
Bound ____. 
Unbound 


Duplicate __.____---- 


New Book Plate with Donor's Names... os... 


во oo ее without ев 9° 


' Old Book Plate Only _. ш. о. -. 


i Д Donor to be inserted? ce Reh s 


| PRESENT LOCATION _ 


No Book Plate... с ce ес 5 о 


een ee 


If зо, who? . лаје, ману 


б. фе. ‚ы - M M eo ge quur onm e t t om s m зс © 


pe""—————— MA „ш + 


| = —— — ~ e — 9 v 


А Check (у) means "Yes." 


—P—À— e— M  S&— án 
. 


. 
PEEL $7 


mn ~ m À À— ——À À — —À 


i — —— а - ————— —À — —! 


В Book Catalogued? _ ____._ __ x. dés 


Library open evenings until nine o'clock. The binding of many volumes 
of periodicals left over from previous years in an unbound form has in- 


creased this item of expense from $135.00 to $215.00. 


"Fixtures," which 
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cost $290 this year against $73 last year, includes new book stacks and 
shelving. It should also be pointed out that the entire expense of moving | 
the Library from Liberty Street to the new Engineers" Building, $643.83, 
is included in the disbursements for this year. 


GENERAL INVENTORY AND INSPECTION 

It has been found necessary to make a complete inventory and inspec- 
tion of the books and pamphlets on the shelves, preparatory to making 
a complete subject catalogue which will include all of the material 
possessed by the library. This work has progressed continuously for 
several months by a personal examination of each book and pamphlet, 
a permanent record being made on cards to show the exact condition of 
each item with relation to the library records. The card reproduced 
herewith shows the character of the information obtained by this in- 
ventory. 

When this work is completed the library will not only be in excellent 
and most satisfactory and well arranged condition as regards many of 
the minor details that have not heretofore had proper care, but will also 
be well prepared for the larger and more important undertaking of pro- 
ducing the card catalogue which shall induce all of the electrical literature 
now on the library shelves. The production of an exhaustive catalogue 
of this nature is now under consideration and it is planned to include in 
this catalogue a detailed index to several important sets of electrical 
periodicals and collections of electrical literature among which may be 
mentioned the Transactions and PRmRocEEDINGS of the American In- 
stitute of Electrical Engineers, the /ournal of the Institution of Electrical 
Engineers, London, and the Transactions of the International Electrical 
Congress of St. Louis, 1904. 


IMPORTANT GIFTS 

Among the gifts deserving of special commendation may be mentioned 
a fund of $100 given by Mr. W. D. Weaver to be applied to the purchase 
of early and out of print electrical books. Mr. Carl Hering, a former 
president of the Institute, has offered to present to the Library a collec- 
tion of books relating to meetings of various International Electrical 
Congresses with which he has at various times been associated. The 
committee has accepted this gift, but the books have not yet been turned 
over to the library. The New York State Public Service Commission 
for the First District has very kindly presented to the Library an almost 
complete set of the reports and records of the Commission and its pre- 
decessor, the Rapid Transit Commission of the City of New York. These 
records include many drawings and plans relating to the construction 
of the New York City subways. Mr. Edward D. Adams has again met 
the expenses for the subscription and binding of the Proceedings and 
Transactions of the Royal Society of London, and for the additional 
volumes of the International Catalogue of Scientific Literature. He has 
also kindly consented to bear the expenses of binding the entire set of 
volumes of this important set of scientific records. The proceeds of the 
fund presented by Mr. C. O. Mailloux have again been drawn upon to 
furnish the yearly continuation of four important periodical sets originally 
presented by Mr. Mailloux to the Library. Mr. W. S. Andrews has 
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set a worthy example to other members of the Institute by presenting four 
items of very great historical interest including an original manuscript 
written by Mr. Thomas A. Edison in 1883, and an original note book 
compiled by Mr. Andrews from 1881 to 1885 while engaged in designing 
and installing Edison lighting plants. Mr. J. H. Vail has also presented 
. several important books and pamphlets of historical interest chiefly 
relating to the early days of electric lighting in the United States. 


COMPLETION ОР SETS 


The Library has been very fortunate in being able to complete several 
important sets which heretofore it possessed in very incomplete form, 
among these may be mentioned: 


American Street Railway Investments; Vols. 1 to 14. 

Boston Transit Commission; Annual Reports, Vols. 1 to 13. 

New York Public Service Commission for the First District; complete set of reports. 

American Bell Telephone Company and American Telephone and Telegraph Com- 
pany; a complete set of annual reports, 1881 to 1907. 

Western Union Telegraph Company; а complete set of annual reports, 1874 to 1907. 

General Electric Company; a complete set of annual reports, 1893 to 1908. 

New York Edison Company and its predecessors; a complete set of annual reports. 

New York State Railroad Commission's Reports; a complete set from 1883 to 1904. 

American Street Railway Directory and its successors. This set has been made 
practically complete. 

American Electrical Directory and its successors to date. This set has also been 
made practically complete. 


EARLY PERIODICALS 


Mention should also be made of a long list of early electrical periodicals 
recently purchased at a small cost. Nearly all of these periodicals were 
transient in their nature but all are of great value to the Library from 
their historical importance. А complete list of the titles 1$ here given: 


Telegraphers Advocate, New York. 

Electrical and Street Railway Reporter. 

Electrical Doings, New York. 

Electric Telegraph and Railway Review, London. 

Boston Telegram. 

Electrical Era, St. Louis. 

Electrical Magazine, Washington. 

The Wire, New York. 

Popular Electric Monthly, Chicago. 

Phonogram, New York. 

Electrical Literature, Chicago. 

Whipple's Electric Reports, Detroit. 

Elektron, Boston. 

Electricity, Cincinnati. 

Electrical Industries Directory of Central Stations, etc., Chicago. 

Directory of Electric, Cable and Horse Railways in the U.S. and Canada, New York. 

Electrical Progress and Development, Boston. 

Electrical Worker. 

Street Railway News, New York. 

Street Railway and Electrical News, St. Paul and Minneapolis. 

Electrical News, Boston. 

Electric Railway Advertiser, Boston. 

Electricity and Railroading, Boston. 

The Telephone, Chicago. 

Electrical Northwest. 

Electrical Items, New York. 

Miscellaneous Bulletins of Electrical World, issued at the National Electric Light 
Association meetings. 
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A small collection of books has recently been purchased from the li- 
brary of Mr. J. B. Stearns, one of the early inventors of telegraph appar- 
atus. From this source a number of important items have been obtained 
not already in the library's collections. 


EXCHANGES 

An effort has been made to increase the facilities of the Library by 
adding to the already large list of exchanges received from all parts of 
the world. Working in harmony with the other two Engineering Societies 
whose libraries are located with ours, a complete list of exchanges was 
made up numbering in all 561 titles. This long list of engineering реп- 
odicals has already been added to by the solicitation of other exchanges, 
and it is hoped at an early date to make the resources of the library in 
this particular far superior to those of any other engineering collection 
in the United States. - 


REcENT Books 


Ап attempt has also been made during the past year to increase the 
facilities of our library by the addition of modern and recently published 
electrical books and a large part of our purchases, aside from those made 
to complete deficiencies in existing sets have been along these lines. 


LiBRARY ОР CoNGRESS CARDS 


In the cataloguing of recent books the use has been made of the Library 
of Congress printed cards. These are obtained from the Librarian of 
Congress at a nominal cost and when received are practically ready for 
use in the card catalogue. А sample of these cards is herewith given. 


Hutchinson, Rollin William, jr., 1880- 


Long-distance electric power transmission, being a 
treatise on the hydro-electric generation of energy; its 
transformation, transmission, and distribution, by Rollin 
W. Hutchinson, jr. ... New York, D. Van Nostrand com- 
pany, 1907. 


у, 345 р. illus, diagrs. 20°. 
Bibliographies at end of most of the chapters. 


1. Electricity —Distribution. 


Q 7-10598 


Library of Congress Copyright 


OPENING OF THE LIBRARY ON WEEK Day EVENINGS 
Through the joint action of the American Institute of Mining Engi- 
neers, the American Society of Mechanical Engineers, and the American 
Institute of Electrical Engineers, the libraries of all three societies were 
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opened to the public every evening until nine o'clock, except Sundays and 
legal holidays, beginning November 1, 1907. This has necessitated con- 
siderable additional expense for attendance, light, heat, elevator 
service, etc. The total attendance both day and evening for November, 
1907 to April, 1908 is shown in the following table, (the attendance for 
November not being divided) : 


Day Evening 
November 1907 (їоѓа1)......................... . 570 · 
December, 1907................................ 275 371 
January, 1908................................ 526 248 
February, 1908............................... 4390. 241 
March, 1908.................................. 417 203 
April. 1908................................... 403 210 


BIBLIOGRAPHY OF WHEELER COLLECTION 
This work has been carried on this year under the direction of a special 
committee appointed by the Board of Directors so that no report by 
the Library Committee is called for. 


Girrs DESIRED 
The Library Committee solicits from members or others gifts of por- 
traits, photographs, drawings and engineering sketches as well as books 
and pamphlets, many of which would be of great value to the resources 
of the library. Many of these can only be obtained through the co- 
operation of members. 


Respectfully submitted, 


The Library Committee 


EDWARD CALDWELL, 
Chairman 
Моксам BROOKS 
Max LOEWENTHAL 
F. A. SCHEFFLER 
Рнилр ToRCHIO 


A paper to be presented at the 25th annual c w- 
vention of the American Institute of Electrical 
Engineers, Atlantic City, N. J., June 29, 
1908. 


Copyright 1908. Ву A.I.E.E. 


(Subject to final revision for the Transactions.) 


THE EVOLUTION OF ENGINEERING 
PRESIDENT'S ADDRESS 


BY HENRY GORDON STOTT 


Eighty years ago Thomas Tredgold defined engineering as 
‘The art of directing the great sources of power in nature for the 
use and convenience of man." Progress in engineering has been 
greater in the eighty years which have elapsed since this defini- 
tion was made than in the previous period of 4500 years beginning 
with the first great, tangible piece of engineering, the pyramid 
Cheops. | 

The question naturally arises: does this definition hold good 
to-day? Is it broad enough? If not, how can we better define 
the engineer's sphere of activity? If we accept Tredgold's 
definition as our standard, will we reach the position in society 
which belongs to us by right of education, achievement, and 
highly developed power of logical deduction from facts observed 
and investigated ? 

Engineers may be divided into two gene al classes: first, those 
who believe that the engineer should be restricted to a specific 
vocation, such as electrical, steam, hydraulic, pneumatic, or 
sanitary engineering, etc; second, those who wish to sce him take 
his place not only as an engineer but also as a public-spirited 
citizen and leader. 

The great amount of specialization which obtains in electrical 
engineering to-day is instanced in the subdivisions now found, 
such as telegraphy, submarine telegraphy, telephony, wireless 
telegraphy, railway signahng, underground cable engineering, 
high-tension transmission, electric lighting, electric railways, 
alternating-current generator designing, direct-current generator. 
designing, railway motor designing, converter designing, trans- 
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former designing, railway, lighting, telegraph, and telephone 
switchboard engineering, etc. 

The score or more of divisions of electrical engineering which 
exist to-day are the necessary outcome of the consolidations of 
manufacturing and other interests into a few large concerns: 
they are the natural economic results of competition. Аз these 
consolidations have undoubtedly resulted in greater efficiency 
and, therefore, in reduced cost of production, there is every reason 
to expect a continuance of this evolution from the simple factory 
manufacturing only one article, to the complex one which manu- 
factures many things. In such a factory it is manifest that as 
soon as any one article is called for in sufficient quantities to 
require the entire time of the man in charge, a new department 
will be formed and another subdivision of engineering created. 
In exactly the same way we will find consulting engineers who 
specialize on cables only, others on illumination, etc., and on any 
pursuit which is of sufficient importance to claim undivided 
attention. This process of segregation is evidently one of in- 
finite application in all pursuits, tending strongly to an ever 
narrower development of the individual, but at the same time 
increasing his efficiency to a maximum in his own particular 
specialty. This increase in efficiency, however, will cease if the 
engineer becomes so highly specialized as to ignore the necessity 
of keeping in touch with the entire sphere covered by his com- 
pany, as the evolution of each branch must be synchronized 
w th that of all. 

The other class, to which the term '' second " has been arbi- 
tranly assigned merely to indicate its numerical inferiority, 
embraces all those who have broadened their field through self- 
education, experience, opportunity, and natural adaptability 
for administrative work. Тһе term self-education is used 
advisedly, as both classes are assumed to start with the same 
technical training, and as a matter of actual fact the second 
class almost invariably evolves from the specialists. 

The engincer who is called upon to report on a projected rail 
road, for example, must also be a student of political economy 
in order to give proper weight to the various economic prob- 
lems which must be first studied before he reports upon the ad- 
visability of even making a survey. He should be thoroughly 
familiar with the general organization of the state governments 
through whose territory the road may run, as well as have a 
general knowledge of their laws affecting corporations, franchises, 
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etc. Inorder efficiently to carry out his work, it will be necessary 
for him to come in contact with various officers of the state 
and city governments, so that he should be a man of general 
and broad culture, capable of meeting any one with credit to 
ћ mself and the company he represents. Lastly, if he is per- 
sonally acquainted with some of the more important state or 
city officials, or the members of the legislature, his work may be 
greatly facilitated and his services be just so much more valuable 
to his employer. 

Tredgold's definition of engineering evidently did not con- 
template this enlargement of the engineer's sphere, and it is 
only by a natural process of evolution that some have reached 
this stage. 

The second class is necessarily a restricted one, as, whilst the 
legitimate field of work of the engineer is extremely broad and 
almost unlimited, yet as a rule he has apparently decided to 
keep in the background and only come to the front when called. 
The result of this policy is that when the opportunity comes, 
the engineer 15 taken at his own valuation and passed over for 
others who, whilst not suffering from modesty, are lacking in 
engineering education and experience, and therefore are forced 
to call in engineers (to act in a subordinate position) to supply 
the incumbent's deficiency in the qualifications necessary for the 
office. 

А good illustration of this policy 15 furnished in the appoint- 
ments made on two state public service commissions, in which 
the ten offices are filled by gentlemen whose occupations had 
been as follows; six lawyers, two manufacturers, one political 
office-holder, and one engineer. These commissioners have con- 
trol of all matters pertaining to public service corporations; and 
as their functions are of an inquisitorial and critical character 
on subjects which are almost exclusively of an engineering nature, 
it is quite evident that their lack of engineering knowledge must 
be a severe handicap, not only to them but much more so to 
the state that employs them, and lastly, but not least, to the 
company or corporation suffering from their well-meant but 
misdirected efforts. 

What is the cause of this anomalous situation. Is it entirely 
the fault of the executive who makes these appointments? 
Has not the whole body of engineers some share in the blame? 
We have seen that there is to-day an inherent tendency to 
specialization in engineering, and that by far the greater num- 
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ber of our members are becoming experts in one or two subjects 
only, and that comparatively few attempt to keep in touch with 
the more general aspects of engineering. This condition is 
caused not so much by a lack of willingness as by lack of time 
and opportunity. 

This centrifugal force acting on our profession has (ortunately 
a nearly equal centripetal one which is found in such societies 
as the American Institute of Electrical Engineers, in which all 
can once more be brought back to a common centre on the com- 
mon ground so clearly described in our Constitution, which says 
that the object of the American Institute of Electrical Engineers 
“shall be the advancement of the theory and practice of Elec- 
trical Engineering and of the Allied Arts and Sciences." 

The conference held in Washington, D. C., last month, which 
was called by President Roosevelt to consider what steps should 
be taken to conserve our natural resources, was preceded by a 
series of conferences held by the presidents of the four national 
engineering societies, at which a series of broad resolutions were 
drafted and afterwards presented at the conference as represent- 
ing the opinions of 20,000 American Engineers.* The Com- 
mittee on Resolutions presented a very able report to the con- 
ference, embodying practically everything we had recommended, 
with one exception, as that particular item had already been 
covered in a bill introduced into Congress. The resolutions 
were unanimously adopted. 

Several important deductions may be made from this incident. 
First, united recommendations after careful investigations of 
facts by engineers, on any public question involving engineering 
problems, will be not only courteously received but welcomed 
and highly appreciated by our state and federal governments. 
Secondly, the facts presented at this Conference were of such a 
far-reaching and important nature that every member of this 
Institute should feel it is his duty carefully to study the 
able papers presented, and to further in every way possible the 
policy of preserving our natural resources. In this we all can 
unite no matter whether we are specialists or general engineers. 
Thirdly, coóperation on the part of the four national engineering 
societies 1s absolutely essential to success in any movement of 
this kind; and, as a corollary, success is certain if we coóperate. 
Fourthly, if engineers are to take the place in society which 
belongs to them by right of education and training, they must 


* PRocEEDINGS А. I. E. E., June 1908, Section I, p. 5. 
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take an active part in matters of general policy or civic interest, 
no matter how remote these matters may seem from Tredgold's 
definition of engineering. 

After nine of the ten commissioners names previously referred 
to we can find the significant words, bracketed,'' active in poli- 
tics.” Is there no lesson for engineers here? Is it not their 
civic duty to the state and nation to take a more active part in 
public affairs, giving of their special knowledge freely, as may 
be required of them, at the same time insisting upon the same 
high ideals of faithful, honest, and loyal performance of duties 
in public life as they have been accustomed to in their every-day 
work as engineers? 

These suggestions are clearly outside the scope of this Institute 
as set forth in its Constitution, and in all probability would be 
pronounced heretical in any of our engineering societies, so that 
to carry them out it may become necessary to organize a new 
society in which membership would be limited to members of 
the four national engineering societies, and whose object would 
frankly be to use all legitimate political methods to influence 
legislation on matters affecting engineering; for example, such as 
carrying out the recommendations of the Conference on Preserva- 
tion of Natural Resources, or the application of the principles of 
political economy to the laws affecting public utility commis- 
sions, etc. 

An enormous amount of work must be done in order to induce 
our state and national legislatures to pass the necessary legislation 
in regard to preservation of our natural resources. Мо body of 
men is so peculiarly qualified to advise on these matters as that 
composed of engineers. Such a society could with propriety take 
up the consideration of many problems of which the public now 
hears only one side, and that usually the demagogue's, simply be- 
cause the engineer has maintained an attitude of reserve. His 
silence is frequently mistaken for either assent or guilty knowl- 
edge, when in nine cases out of ten he remains silent either from 
a mistaken policy, dictated possibly by his employer, or be- 
cause he considers it undignified to reply to criticism. 

Belonging to a society whose object itis to guide and instruct 
public opinion in engineering matters, this feeling would soon 
disappear, and the benefit of coóperation among engineers in 
this respect would make this society's influence felt in every city 
and state in the country. Our large corporations and manufac- 
turers are realizing as never before the benefit of publicity de- 
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partments, not only for advertising purposes, but for the purpose 
of disarming adverse criticism by a calm statement of facts. 

In conclusion, let us remember that 1f we wish to progress and 
assume our proper place in the world, we must be aggressive and 
not passive in allegiance to our engincering societies; that the 
day 1$ long past for hiding our light under a bushel, and that 
instead of Tredgold's definition of engineering, the following 
more correctly expresses the position of the engineer to-day: 

Engineering— The art of organizing and directing men, and 
of controling the forces and materials of nature for the benefit 
of the human race. 


Presented at the Conference on the Conservation of 
Natural Resources, White House, Washington, D.C., 
May 13-15, 1908. 


Covyright 1908. By A. I. E. E. 


(Subject to final revision for the Transactions.) 


CONSERVATION OF POWER RESOURCES 


BY H. ST. CLAIR PUTNAM 


Without disparaging other aspects of our progress, it is not 
too much to say that our time 1$ preeminently the age of power. 
This applies to the world at large, but especially to the United 
States. Our population is increasing with unprecedented 
rapidity, but our mineral production is increasing so much more 
rapidly that some have called this the age of metal. Steel, 
copper, and wood are combined in mechanical devices at a rate 
increasing more rapidly than ore production, so that others have 
characterized this as the age of the machine; yet that aspect of 
modern life which most impresses the student of progress is the 
increasing use of mechanical power through the development of 
prime movers and the utilization of new power sources. Rapidly 
as our population advances, it 1s outrun by metal production, 
and that in turn by machine building; yet our most rapid progress 
—the feature in which our advancement exceeds all others—- 
is in the development and use of power. 

Historical division. Historically considered, the utilization 
of our power resources has undergone three characteristic phases 
of develop ment. 

In the first, power was produced directly by natural forces such 
as faling water and wind and its use necessarily was limited to 
those places where these natural forces were found. This led 
to the early manufacturing establishments of New England 
grouped about easily available water powers. This might be 
called the period of water powers, and in this country it held 
ascendency in the manufacturing industries until about 1870. 

The second phase was characterized by the development of 
the steam engine which rendered practicable the utilization of 
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the stored energy in fuel as a source of power. During this 
period the development of coal mines and rapid growth of 
our railway systems imparted a tremendous stimulus to com- 
mercial enterprise. Proximity of water powers was no longer 
controlling, and factories were established at points selected by 
reason of the availability of raw material, labor, transportation 
facilities and markets, as well as power supply. As in the first 
period, however, the power necessarily was used where developed 
and the size of the plant was limited to the requirements of the 
individual user. 

Electric power.* Electrical transmission of power is the new 
art which now is resulting in another and radical change in 
methods of utilizing our power resources, permiting, as it does, 
development whether by water power or by steam at points 
most convenient and economical, and transmission to the con- 
sumer in form adapted to great variety and convenience and 
use. This new development in applied science calls for reap- 
praisement of the sources from which our power is derived. 
The size of the power plant is no longer limited to the require- 
ments of the individual user but the power for entire com- 
munities can be supplied from a single station. The enlarge- 
ment of this field of work newly opened by the electric trans- 
mission of power from great distances 1s now in active and 
practical development. As a result rapid changes are taking 
place in the methods of using power. New economies are 
possible of accomplishment and the resulting effect upon the 
conservation and utilization of our power resources is of the 
greatest importance. 

Fuel supply. Where power is developed from the combustion 
of coal, wood, oil or gas, our natural resources as such are de- 
stroyed and they cannot be replaced, excepting to a limited 
extent in the case of wood and similar products. The supply 


* Electricity, of course, 1$ not a source of ромег— is simply the agent 
by which energy developed from fuel and water is transmitted to the 
mechanism which utilizes it. In speaking of electric power, therefore, 
it must be borne in mind that such power is always produced primarily 
by water wheels, turbines, steam engines, or gas engines. With reference 
to their source, therefore, we have only water power and fuel power to 
consider, but with reference to application it is convenient and instruc- 
tive to compare water power, steam power and electric power; the two 
former being applied directly through mechanical means to the work, 
while the last named has its origin in one or the other of the former and is 
applied through motors. 
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of natural oil and gas is limited and uncertain and the amount 
available is required for special industries. The coal production 
of the United States for the year 1906 was 414,157,278 tons; 
for 1907, about 450,000,000 tons. If the production of an- 
thracite coal is continued at only its present annual rate the 
supply will be exhausted in 60 or 70 years. Since the beginning 
of our coal industry the total production has doubled approxi- 
mately every ten years. Assuming that this rate of increase 
cannot be maintained, but will become constant in about 150 
years, it is estimated that the supply of bituminous coal will be 
exhausted in approximately 700 years.* But that the coal 
production should become constant even 150 years hence, im- 
plies that our industries must become stationary, unless other 
power resources are found. We cannot look forward to such a 
condition with equanimity. Without coal our domestic and 
industrial life are inconceivable, and our existence in great 
cities and crowded communities is impossible unless a substitute 
is devised. The future welfare of the nation requires that all 
practicable means be employed for the conservation of the 
supply of coal. 

Available water powers. Where power is derived from water, 
winds, and tides, only energy otherwise wasted is used. The 
energy thus extracted is added to our assets instead of being a 
permanent loss as 1$ the case with the combustion of coal. It 
is now feasible and practicable to develop water powers, where- 
ever located, for electric power. In the aggregate the available 
water powers of the nation greatly exceed the present power 
requirements, but unless there is some curtailment in the rate 
of our development, our water power resources, while being of 
great magnitude, will not of themselves solve the problem of 
our future supply of power. The amount of water power 
available in the United States is not known. Some partial 
estimates have been made, but these are necessarily approxi- 
mate, as exact figures can be obtained only after careful survey 
and study not only of the existing physical conditions, water 
flow, and available reservoir capacity, but of the practicable 
auxiliary steam power that can be profitably installed. The 
power of Niagara has been estimated, by Professor W. C. Unwin, 
at 7,000,000 h.p. А partial estimate of the water powers of 

+“ How long will our coal supplies meet the increasing demand of 


commerce?” by Edward W. Parker, U. S. Geological Survey. Presented 
before the American Society of Mechanical Engineers, 1907. 
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the upper Mississippi river and tributaries places the available 
water power at about 2,000,000 h.p. The southern Appalachian 
regions can furnish a minimum of nearly 3,000,000 h.p.* Both 
of these estimates can be greatly increased by including the 
use of regulation reservoirs and auxiliary steam plants. The 
water powers of New England are more fully developed than 
elsewhere in the country, though much remains yet to be done. 
In the Rocky mountains and the far west there are immense 
water power possibilities; in the state of Washington alone there 
are 3,000,000 h.p. available;t and Governor Pardee estimates 
that the streams of northern California are capable of producing 
5,000,000 h.p. Even approximate data upon which to base an 
estimate of the total amount of available water power in the 
country are lacking, though a good start toward collecting them 
has been made by the Geological Survey, with the limited means 
at its disposal. It is probable that the water power in the 
United States exceeds 30,000,000 h.p., and under certain as- 
sumptions as to storage reservoirs this amount can be increased 
to 150,000,000 h.p. or possibly more. Much depends upon 
whether regulation reservoirs and reserve steam plants are in- 
cluded in the estimate. Both have been demonstrated to be 
practicable, and undoubtedly should be considered in any esti- 
mate made of the available water power resources of the country. 

Using the smaller figure of 30,000,000 h.p. as an illustration, 
to develop an equal amount of energy in our most modern steam- 
electric plants would require the burning of nearly 225,000,000 
tons of coal per annum, and in the average steam engine plant, 
as now existing, more than 650,000,000 tons of coal, ог 50%, 
in excess of the total coal production of the country in 1900. 
At an average price of $3.00 per ton it would require the con- 
sumption of coal costing $2,000,000,000 to produce an equiva- 
lent power in steam plants of the present general type. 

The supply of water power is limited, however, when the rapid 
rate of increase in our power requirements 15 considered, and 
great care, therefore, must be exercised to insure the preserva- 
tion of our water power resources and to secure the maximum 
practicable development. 

* "Water Powers of the Upper Mississippi and Tributaries,” and ‘‘ Water 
Powers of the Southern Appalachian System," by M. O. Leighton, Chief 
Нудгоргарћег, U. S. Geological Survey. 

+ Computed by F. С. Moorhead, in The World's Work, April 1908, p. 
10091. 
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Total power used їп United States. Using the data furnished 
by the census returns of 1900, 1902, and 1905 as a basis and apply- 
ing the prevailing rate of increase in the industries included in 
these reports, and adding an equivalent amount for the steam 
railroads, it is estimated that the total installed capacity of 
prime movers in all our land industries for the year 1908 ap- 
proximates 30,000,000 h.p.^ (Fig. 1.) 

The average load on steam and other engines is much less than 
their rated capacity, and, owing to the overlapping of loads, 
it is probable that the total average load does not exceed one- 
third or one-quarter of this amount. 

Rate of increase. During the last thirty years the total 
amount of power used in our manufactories and other industries, 
as recorded by the census, has doubled approximately every 
ten years. The fact that substantially the same rate of in- 

^ The following table compiled from the latest census returns gives the 


installed capacity of prime movers in the United States in the industries 
named at the dates mentioned: 


Installed 

horse power. 

Manufactures, census 1905............................... 12,765,594 

Mines and Quarries, census 1902.......................... 2,753,555 

Street Railways, census 1902............................. 1,359,289 

Electric Light and Power Stations, census 1902............ 1,845,048 

Telephones, Telegraph and Fire Alarm Systems, census 1902.. 3,148 
Custom Flour, Grist and Saw Mills, census 1900 (omitted from 

census 1905) e уиин eed ES e UC RI a a E UA 883,685 
Steam Railroads, data from Statistics of Railways, 1905, 

equivalent роет енуш pv ose рынын de e easi eon E Apa 3,750,000 


These figures include prime movers only. Duplications in the way of 
electric, water and air motors and rented power have been omitted. 
The equivalent power used by the steam railroads is based upon the result 
of calculations made by Lewis B. Stillwell and H. St. Clair Putnam in a 
paper presented by them to the American Institute of Electrical Engi- 
neers, January, 1907, ‘‘ On the Substitution of the Electric Motor for the 
Steam Locomotive," and represents the installed power house capacity 
required for their electric operation in the year 1905. Based upon 
maximum draw-bar pull, the power of the 46,743 steam locomotives in 
the United States (1904) averages 600 horse power (census 1905) but the 
power developed when averaged over the entire year approximates only 
40 horse power. In order, therefore, that the estimate of total power 
in the United States should not be misleading, the power used by our 
steam railways has been taken at a figure that is comparable with the 
installed power in other industries as, for example, in electric railways 
where the installed capacity in the power houses has been taken rather 
than the rated power of the motor equipment, which is many times greater 
than the power house capacity required for their operation. 
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crease has existed in coal production, railroad gross earnings, 
freight ton-mileage, passenger mileage, and the value of agri- 
cultural products, as well as in total power consumption, is a 
striking demonstration of the close interrelation and mutual 
dependence of these great factors which, in the aggregate, 
measure the industrial progress of the nation. 

We cannot foretell how long the present rate of increase in 
our industrial enterprises will continue. This will be deter- 
mined by the general laws which govern industrial development 
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and by the increase in wealth. It is clear, however, that if our 
power resources are exhausted or wasted the result will be 
disastrous. 

Relative use of steam, water power, etc. Of the total estimated 
power at present produced by prime movers, about 26,000,000 
h.p. is produced by steam engines, (Fig. 2) 3,000,000 h.p. by 
water motors, (Fig. 3) and 800,000 h.p. by gas and oil engines, 
(Fig. 4). These figures emphasize the present position of the 
steam engine in our industrial development and the relatively 
much less important place now occupied by water power, (Fig. 5). 
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Growth of electrically applied power. Of the total 30,000,000 
h.p., including the railroads, used in the country, it is estimated 
that 9,000,000 h.p., (Fig. 6) or 30 per cent., is now utilized 
electrically (Fig. 7).* This highly remarkable growth has been 
accomplished in 25 years. The use of electric power at the 
present time is being doubled approximately every five years, 
as contrasted with the phenomenal doubling of the total power 
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every 10 years. If the present rate of increase is maintained, 
electrically applied power will equal or exceed the power me- 
chanically applied in 1920. This great growth is due to the 
convenience, earning capacity, and economy resulting from 


* 'This does not include the electric power generated in isolated plants 
and used for other purposes than manufacturing. These plants are not 
included in the census reports, and while they are individually small the 
aggregate electric power developed is large. 
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the use of electrically applied power. The significance of this 
remarkable increase in the use of electric power in manufactures 
and other industries lies in the market thus provided for the 
utilization of our water powers wherever located and whatever 
their magnitude. 

Economies due to electric power—steam power. Where coal 
`в the source of power, electric transmission and distribution 
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greatly reduce the amount burned to perform given mechanical 
work. This results from the substitution of a few large and 
highly efficient boilers and engines for a larger number of rela- 
tively small and uneconomical ones and from the introduction 
of plant economies and skill in operation not attainable in the 
smaller plants. А material saving is effected also in the applica- 
tion of the power directly to the work through motors instead of 
indirectly through inefficient countershafting and belting. 
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А further material gain also results from the fact that a large 
plant carrying the load formerly carried, for example, by one 
hundred small plants 15 operated under conditions more nearly 
approximating uniformity of load and therefore at higher 
economy. 

Greater economy can be obtained, even in our large plants, 
through the more general use of so-called fuel economizers, 
superheated steam, higher vacuum, and better combustion under 
the boilers. We may expect stil higher efficiency from the 
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development of larger boiler and engine units. These economiz- 
ing appliances, which are relatively unimportant in small plants, 
become of great importance in large plants, and will have still 
greater influence on steam practice as the price of fuel increases 
and the cost of capital decreases. 

Fuel economy of gas engines. This discussicn would be in- 
complete without mention of the great possible fuel economy 
that may result from the use of gas and other similar engines. 
Though engines of this character antedate the use of the electric 
motor, their development has been slow, and they occupy a 
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relatively unimportant place as power producers. The ordinary 
steam engine utilizes not more than four or five per cent. of the 
heat energy in coal, and our best modern steam electric plants 
show a heat efficiency not exceeding 10 or 12 per cent.* With 
the gas engine and producer gas the heat efficiency can be more 
than doubled, and still higher efficiency seems probable with 
higher compression or through the use of other possible im- 
provements.f This is a most promising field for development 
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and it is entirely possible that the gas engine may revolutionize 
our methods of using fuel for the production of power. 

Beyond these gains, which may be considered well within 
the limits of possible attainment by present knowledge, there 
stands the theoretical prospect of still greater economies, the 


* " Power Plant Economics," by Henry С. Stott, presented before 
the American Institute of Electrical Engineers, January, 1906. 

+ Report of F. W. Burstall to the Gas Engine Research Committee 
of the (British) Institution of Mechanical Engineers. 
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possibility of which cannot be denied so long as methods em- 
ployed in developing energy from coal results in a waste of from 
75 to 95 per cent. of the potential energy which nature has stored 
in the coal. But the science of the present time does not permit 
us to assume any radical increase in efficiency of fuel engines 
beyond the limits which I have indicated, and our only safe 
course 15 to base our estimate upon the progress of the present 
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time with such reasonable allowance for improved economy 
as is dictated by recognition of progress of the art along lines 
now within the horizon of possible science. 

Water power economies. Where water power 1$ the source of 
supply, electricity promotes economy for reasons identical with 
the foregoing, except that absence of fluctuation of load 1$ rela- 
tively less important, but the great gain which results from 
electric transmission is the utilization of water powers remote 
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from power markets. Where several water powers along a 
stream are developed, it becomes possible to utilize, in conjunc- 
tion with the larger and more cheaply developed powers, others 
which, considered independently, could not be utilized to 
advantage. 

Applications of electric power—manwujactures. Prior to 
1870 the use of water power in manufactures exceeded 
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that of steam power. Water power expressed in percentage 
of the total power employed has since steadily declined, falling 
from 48.3 per cent. in 1870 to 11.2 per cent. in 1905. (Fig. 8.) 
During the corresponding period steam power increased from 
51.8 per cent. in 1870 to 78.2 per cent. in 1900. The census of 
1900 showed a marked falling off in the rate of increase in the 
percentage of steam power used as compared with the rate 
prior to 1890, and this was accentuated in the census of 1905, 
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when the percentage of steam power fell to 73.6 per cent. of the 
total. This check to the ascendency of directly applied steam 
power was due to the introduction of electric power. In 1890 
electric power was negligible. In 1900 it constituted 4.8 per 
cent. of the total. In 1905 this had increased to 11.8 per cent.— 
a marvelously rapid growth when the aggregate increase of 
over 1,000,000 h.p. in five years 1s considered. И the present 
rate of increase prevails until 1910, electric power will have 
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reached 18 per cent. of the total and steam power will have 
dropped to 68 per cent. If the same rate of increase is main- 
tained until 1930, electric power as applied to the manufacturing 
industries will exceed the amount of steam power applied 
direct. 

Other industries. The tendencies illustrated by the changes 
that have taken place in the methods of utilizing power in 
manufacturing, apply generally to other industries. The ш- 
creasing use of power is phenomenal; the steam engine as a 
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source of power is thus far paramount in them all, but the per- 
centage of electrically applied power is increasing at nearly 
double the rate of increase of the total power used. 

Electric lighting. The extraordinary growth of the electric 
lighting industry is familiar to all. Unfortunately the results 
of the special census of 1907 are not yet available, but the indi- 
cations are that the five years which have elapsed since the 
previous census will show phenomenal growth. During these 
five years the gross sales of the great electric manufacturing 
companies have doubled, and the proportion of the output 
consisting of electric power apparatus and generating units of 
large size has greatly increased. An influential factor in the 
growth during this period has been the rapid development of 
long-distance hydroelectric power transmission plants. 

Electric railways. Since the displacement of horse and cable 
cars in the cities a few years ago, electric railways have been 
extended to suburban and interurban districts and are rapidly 
forming a network over the entire thickly settled portions of 
the country. In the nature of their traffic, many of these roads 
are scarcely distinguishable from steam railroads, and many 
railroads are using them as feeders. In a few cases railroads 
have converted steam operated branches into electric lines. 

Electrification of steam railroads. A beginning is being made 
in the electrification of our steam railroads. The New York 
Central, the Pennsylvania, the Long Island, the New York, 
New Haven & Hartford, the Grand Trunk, the Great Northern, 
the Erie, the Southern Pacific and others have electrified por- 
tions of their lines, and most of these are now in successful 
operation. Many of these roads are extending their electric 
zones. Thus far most of this work has been induced by terminal 
requirements, tunnels, heavy grades or other special conditions 
which emphasize the advantages to be derived from electric 
operation. The increase in capacity, convenience, and greater 
earning power as well as the economies resulting from electric 
operation will stimulate the electrification of steam railroads, 
just as these factors have stimulated the use of electric power 
in other industries. The problem presented is larger because of 
the necessity of interchangeability of equipment, and the de- 
velopment must necessarily be gradual on account of the magni- 
tude of the interests and the large capital expenditures involved. 
The railroads are among the largest consumers of fuel, and elec- 
tric operation, exclusive of the use of water powers, would 
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reduce the coal consumption to less than one-half of that re- 
quired for similar operation with steam locomotives.* 

Tendency toward greater изе of water powers. During the past 
few years, there has been renewed interest in water powers on 
account of the practicability of their use for the generation of 
power and the electrical transmission of this power to distant 
markets. The great hydroelectric development at Niagara 
was the first large enterprise of this character and has demon- 
strated its practicability. The census of 1905 gives a partial 
list of long-distance hydroelectric plants developing power 
aggregating 600,000 h.p. and this list can now be largely in- 
creased. Our most desirable water powers are being absorbed 
rapidly, and it becomes important, therefore, for us to take 
stock of our water resources and formulate plans for their con- 
trol and proper utilization. 

Inland waterways. In the improvements that have been 
made on navigable rivers, too little attention has been given to 
the development of the incidental water powers. On some 
waterways, as in several instances on the Mississippi, immense 
sums of money have been appropriated and expended on es- 
pecially difficult portions of the river. If this money could 
have been made available in large amounts, instead of by 
driblets over periods of many years, water powers of great value 
could have been developed and the navigation effectively and 
permanently improved. Unfortunately this has not been our 
policy. Too often the appropriations have been inadequate 
for carrying out the work as it should be done, and frequently 
the work has not followed any well-digested plan. 

With the data at hand, it is impossible to make an accurate 
estimate of the amount of power that can be developed inci- 
dentally to river navigation. A partial estimate of the power 
developed at existing government locks and dams places the 
amount at 1,600,000 h.p.t This is based on the mean low- 
water discharge for three months. This subject should receive 
careful consideration. Improvements in navigation should 
be made only after thorough study of the possibilities of power 
development. On the other hand, many water powers are on 


* ' On the Substitution of the Electric Motor for the Steam Loco- 
motive," by Lewis B. Stillwell and H. St. Clair Putnam, presented before 
the American Institute of Electrical Engineers, January, 1907. 


і‘ Available Water Powers of United States Government Locks and 
Dams," collected by M. O. Leighton, United States Geological Survey. 
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streams that are navigable, or are capable of canalization, and 
these streams should be developed for power purposes only after 
careful examination has been made of the possibilities of the 
stream forming a link in the system of inland waterways. 

Canalized rivers. There are many streams that are not now 
navigable, or are navigable for only a portion of the seasons, 
that can be canalized and converted into streams of great com- 
mercial value. The use of our waterways for both power de- 
velopment and navigation causes no conflict; these uses are in 
fact correlated and their interests harmonious. Where it is 
necessary to place a dam across a stream to develop power, the 
slack water so produced, with the addition of locks, renders 
otherwise impassable stretches of river available for navigation. 
Every water power development is vitally interested in obtaining 
a uniform flow of water. This exactly meets the requirements 
of navigation. The approximate realization of regularity of 
flow can be attained only by the construction of headwater 
regulating reservoirs and the preservation of our forests. Every 
water course that is improved for the production of power and 
for navigation produces, therefore, vigorous self-interested allies 
in the cause of forest preservation, headwater regulation, and 
the maintenance of conditions which are favorable to both 
interests. 

Canals, Considerations which affect the use of our rivers 
and streams, as sources of power and for navigation, apply also 
to canals. Heretofore, canals built for transportation риг- 
poses have not been used, to any great extent, for the develop- 
ment of power. In some cases this has been on account of the 
limited supply of water, but more frequently it has been due to 
the great difficulty experienced by the animals in towing boats 
against the rapid current produced in the canal by the flow of 
water to the water wheels. In recent tests it has been demon- 
strated that canal boats can be towed by electric towing machines 
at a much lower operating cost than is possible with animals, 
and that operated in this manner the speed can be greatly in- 
creased.* The first cost of electric equipment is relatively 
large, but the change to electric towing will pay handsomely 
when the volume of traffic 1s sufficiently large. The traffic 
required is well within the ultimate capacity of the canal. With 

же Notes on Electric Haulage of Canal Boats," by Lewis B. Stillwell 


and Н. St. Clair Putnam, presented before the American Institute of 
Electrical] Engineers, March 1908. 
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electric towing, the increase in the rate of current flow introduced 
by the development of water power on the canal 1$ not a serious 
impediment to navigation. 

Irrigation. There are large areas in the Western states where 
the soil is of wonderful fertility, but irrigation 1s essential to the 
successful growing of crops. The cultivated lands usually lie 
in valleys and water is carried to them through long and oft- 
times wasteful irrigation ditches. In many cases the water 
could be utilized for developing power on the headwaters of 
the streams without injury to the irrigation interests, as is 
illustrated by the excellent work now being done by the Re- 
clamation Service. The development of water power will 
introduce another party whose self-interest dictates the use of 
.every available method of preserving the volume of water supply, 
its continuity, and regularity of flow. 

In some cases irrigation channels can be converted into canals 
suitable for at least limited navigation, and where practicable 
this should be done. Some types of apparatus.as now developed 
for towing canal boats by electricity require but little space along 
the side of the ditch and can be installed, usually, without 
additional grading wherever an irrigation ditch can be con- 
structed. Electric towing cannot be economically practicable, 
however, unless the traffic reaches a considerable volume. 
With animal power the additional capital investment is small 
and is proportional to the amount of business handled. With 
electric towing the first cost is large and manifestly sufficient 
traffic must be secured to meet the capital charges before profits 
can be realized. 

Water supply. What has been said upon the subject of irri- 
gation canals applies to the development of the water supply 
for our cities. This work, like irrigation, should be carried out 
so as to develop the maximum water power possible without 
injury to the water supply. 

The preservation of the purity of water for domestic use is 
of great importance to the welfare of the nation. А considera- 
tion of this subject, as well as of navigable water-ways, canals, 
irrigation and water powers, emphasizes the absolute necessity 
of competent supervision of the natural water resources of the 
country. | 

Regulation of stream flow. The flow of water in many streams 
annually fluctuates between wide limits. The low-water periods 
limit the profitable water power development and the high 
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periods often cause disastrous floods. Оп most streams the aver- 
age rate of flow for the year is many times the minimum flow. 
It is possible in some cases to utilize a flow approximating the 
average by constructing controlling reservoirs on the headwaters 
of the stream. Our Great Lakes form a natural reservoir of this 
character for the Niagara River. The Upper Mississippi has 
great natural reservoirs which assist in regulating its flow and which 
easily can be made very effective in its control. The notable 
floods of the Ohio River can be greatly reduced by the con- 
struction of controlling reservoirs on its headwaters which will 
result in the saving of millions of dollars now annually destroyed. 
On a stream which I recently investigated the minimum flow 
furnishes but 200 h.p. The construction of a storage reservoir 
increases the continuous 24 hr. power that can be utilized to 8000. 
horse power. If storage reservoirs could be constructed on the 
Susquehanna River, upon which a great water power develop- 
ment is now in course of construction, so as to obtain a uniform 
flow throughout the year, the available power at this site would 
be increased from a minimum of 30,000 h.p. to 200,000 h.p. 
While it is impracticable to construct reservoirs capable of hold- 
ing back all flood waters, it is nevertheless certain that material 
gain would result from well-directed efforts along the lines sug- 
gested. 

Auxiliary steam plants. On account of the great annual 
fluctuations now existing in stream flow, it has been found 
profitable to -install steam plants supplementing the water 
power during seasons of low water. This method on account 
of its expense greatly handicaps the full development of our 
water powers and increases the amount that must be charged 
for the power. Under given conditions the most profitable 
amount of water power to develop and the best size of steam 
plant to install can be determined with great accuracy. The 
reserve steam station need not be located at the water power; 
in fact, it preferably should be located at or near the market 
for the power when that is distant, as greater reliability and 
continuity of power supply is thus secured. Headwater regu- 
lation would greatly reduce the necessity for such auxiliary 
steam plants. 

Similarly the water power which can be purchased economi- 
cally by a prospective customer who already has a steam plant 
in operation can be accurately determined. This amount de- 
pends upon the relative cost of generating different portions of 
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the load by steam as compared with the amount charged for 
the water power supplied. In its economical application this 
method of operation works out so that the water power plant 
carries the steady portion of the load where the coal consump- 
tion per horse power capacity is greatest, and the steam plant is 
called upon to carry the peaks only where the coal consumption 
per horse power is least. 

Interconnected plants. In addition to their reserve function 
in time of low water or flood, auxiliary steam plants and inter- 
connected plants are valuable as insuring the continuity of power 
supply. If the lines are run overhead, as they must be for 
long-distance transmission in the present development of the 
art, all electric transmission plants are subject to occasional 
short interruptions due to storm, lightning, or malicious mis- 
chief. It 15 economical and desirable to tie together two or 
more plants, thus greatly increasing the reliability of service. 
If one plant or transmission line fails the others can be pushed 
to take the load. From an engineering standpoint, and from 
the standpoint of the customer as well as the power producer, this 
method of operation has great advantages. 

Importance of power resources. In 1905 the value of the pro- 
duct of our manufactures amounted to $16,866,706,985; the total 
receipts of the steam railroads were $2,325,765,167. 

In manufacturing the value of the product was $1,152 for 
each horse power installed and the yearly wages amounted to 

248 per horse power. 

In the railroad industry the gross receipts amounted to $555 
and the yearly wages to $224 per horse power, rated on a basis 
comparable to that used in the census report covering manu- 
factures. 

I have selected these two classes of industry for the reason 
that they use the bulk of the power and illustrate its tremendous 
productiveness in increasing our wealth. 

On the basis of the lower estimate of water power already 
mentioned, namely, 30,000,000 h.p., and applying the ratio 
which now exists between wages paid and power utilized in 
manufacturing and railroad industries, the development of this 
amount of water power implies an increase in wages paid amount- 
ing to about $15,000,000,000 per annum, an amount more than 
double the total value of our agricultural products at the present 
time. 

Collection of data necessary. These figures emphasize the vast 
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financial importance of our power resources and the necessity 
of their conservation and their intelligent development. Much 
can be accomplished by the national government in connection 
with irrigation of national lands and the improvement and pre- 
servation of navigable waters. The state governments can 
greatly assist in this work, within their respective territories. 

Census of water resources. A reliable census of water resources 
is greatly needed. The Geological Survey has accomplished 
much in measuring and recording the flow of streams, but the 
work done 1s small as compared with that which remains to be 
done. Obviously, in order that records of this character shall 
constitute a uniform and safe basis for the very large capital 
investment which must be made in the future in order that our 
water power resources shall be properly utilized and our fuel 
supplies conserved, they should be made under the immediate 
direction of the national government. 

Research work. The national government can render great 
assistance also in the research work which it has undertaken 
into the better utilization of our fuels. Excellent results have 
been obtained by the able body of engineers engaged on this 
work, but when we consider that we are now utilizing but five 
or ten per cent. of the heat value in fuels it is evident that much 
remains to be done. 

Necessity of government regulation. Power and transporta- 
tion are the two great physical bases upon which modern in- 
dustrial development rests. Without power our methods of 
transportation must revert to a level with those existing in 
China. Up to the present time while nation and states have 
regulated and in some degree aided in the development in trans- 
portation, the power resources of the country have been utilized 
or wasted by the private individual and the corporation with 
little hindrance and still less regulation by the constituted au- 
thorities. Next to individual enterprise the most essential 
factor in the development of our national resources 1$ wise 
governmental guidance, so applied as to insure the vigorous work- 
ing of individual initiative and at the same time prevent the 
waste by individuals of that which is vital to our national wel- 
fare and to secure in the utilization of our natural resources the 
highest practicable degree of economy which scientific knowledge 
and engineering skill can attain. 
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Discussion ON “ THe ENGINEER'S ACTIVITY IN PUBLIC AFFAIRS 
— Ривас Стилту COMMISSIONS AND FRANCHISE VALUA- 
TIONS", AT NEW York, APRIL 10, 1908 
(Subject to final revision for the Traniactions.) 

George S. Coleman: In one respect I agree with Mr. Floy, 
engineers as a class are, perhaps, a little too modest; but 
I do not quite agree that engineers ought to be considered in 
any wise responsible for matters which are hard enough for 
other men to handle, men who are devoting all their time to 
it. I do think, however, that the time has come when groups of 
engineers, different kinds of engineers, should give the benefit 
of their concerted thought and action to any public question 
on which they are supposed to be especially well informed. 
In the case of a new bridge across any of our rivers, or a new 
subway, or a new elevated railroad, in fact anv kind of engi- 
neering work likely to affect the public, this Institute, and every 
body of engineers who in any way might be related to that 
enterprise, should be heard officially. И Mr. Flov's suggestion 
this evening shall encourage among engineers the habit of not 
merely quiet, independent thought in their work, but con- 
certed action after discussion, he will have accomplished a 
notable result. 

I do not quite agree with Mr. Ноу as to the constitution of 
public service commissions. In a countrv like this, where we 
are dealing, or called upon to deal, with a bodv brought into 
existence through the legislature, and representing the legis- 
lature as a sort of permanent committee, what is wanted is 
men who are intelligent, who are open-minded, who have had 
some experience in affairs, who are patient, who are thorough, 
who are industrious, and who have good judgment. Now, I 
would just as lief commit the affairs of the public service to a 
body of engineers as to апу other body of men whose profession 
compels them to think, and whose training and experience tends 
to make them impartial. About three-fifths of the average 
legislative body are lawvers: that happens to be the present 
proportion on the public service commission for this district. 
It has been said that the difference between the common law 
and the statute law is that the common law 1$ the perfection 
of reason and the statute law 1s made by the legislature; this 
is a legislative enactment and legislative enactments will have 
to be submitted to until a better law can be framed. But I 
do not agree with Mr. Flov as to the necessitv of having experts 
as members of the commission. To follow that line consistently 
there would be needed as commissioners not onlv railroad men, 
gas and electrical experts, but expert accountants, expert 
financiers, experts on labor, and on every other subject that 
necessarily comes before the commission. Depend upon it, if 
there are three lawvers, or апу number of lawvers on any 
commission, no agreement will be reached without discussion. 
With three engineers the same might be true, but I do not know 
from experience. I am willing to leave the composition of the 
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commission to any body of intelligent men who have the neces- 
sary qualifications. 

On the subject of what a commission should do, I must again 
differ from Mr. Floy. He cites with approval a quotation to 
the effect that where operation begins regwlation should stop. 
If that were taken literally, after the commission has given an 
order to one of the transit companies to do certain things, like 
vestibuling cars, keeping cars in better condition, running 
more cars, or making more stops, regulation would be ineffective 
if it ceased where operation began. The commission for the 
first district employs a large body of competent engineers, the 
eyes, you might say, of the commission, a body of engineers 
of whom all engineers should be justly proud—men doing their 
duty well and faithfully, and without prejudice. These men 
report to the commission what they find and suggest what in 
their judgment would improve the operation of any public 
utility corporation. Their reports are submitted in condensed 
and accurate form, and if the commission may act of its own 
motion it will, after due consideration, act promptly. If any 
matter requires regulation, an order will be issued accordingly; 
if it does not, the matter will be dismissed. Although these 
things do not always appear in the newspapers, there are many 
improvements made by many public service commissions which 
are the direct result of suggestions of citizens or of the inspectors 
of the board of engineers connected with the commission itself. 
If the regulation is to be at all effective, details must be care- 
fully considered. 

As to the value of franchises, that is still an unsettled ques- 
tion. I sometimes think that the mechanism in the heads of 
the judges and lawyers and experts has stopped on a dead 
centre: it 1s going to require some little pushing one way 
or the other to bring to an end the question as to the proper 
way of valuing franchises. We have had some recent experi- 
ences in trying to value franchises for the purpose of taxation, 
and it is not an easy matter. Reputable men, will be found 
who differ honestly as to the proper way of valuing fran- 
chises. In three different cases, tried one after another, 
involving different points, a practically different result was 
reached in each instance. We have as yet no final decision 
by our courts. It does not follow because a corporation 
has invested many millions in plants which have been super- 
seded or duplicated or thrown aside and new plants substituted, 
that it should earn necessarily a fair return on all its invest- 
ments. Even the Supreme Court of the United States does not 
approve of that theory. There is a vast amount of what is 
known as “ lost capital" that cannot be recovered. If Mr. 
Floy's proposition, with which I agree, 1s sound, that a corpora- 
tion alreadv in existence should be treated the same as a new 
corporation entering the same field, then, of course, as an in- 
evitable result, all the capital expended and taken out has been 
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lost, unless possibly it has produced a good will, which, with 
respect either to a gas company or to some railroad companies 
is almost a contradiction in terms. In this city, for instance, 
there is a railroad company having an excellent franchise. 
Originally, it was constructed as a horse railroad and operated 
as such for many years, and then turned into a cable road, and 
then, not long after, all the cable apparatus was removed and 
it was turned into an electric road. In 1900, when the Special 
Franchise Act came into effect here, there had been $26,000,000 
represented by capital stock, $35,000,000 represented by bonds, 
and some floating indebtedness outstanding, and vet according 
to the appraisements made by the company itself, the total 
plant—tracks, roadbed, power house, and electrical apparatus, 
could be duplicated for about $10,000,000. There was a 
frightful waste, apparently and actually, of good money 
which never could be made up, unless that company should be 
treated differently from a new company starting with $10,000,000 
capital and a similar franchise. Let us be thankful that we 
do not have to decide that question to-night. 

The other suggestion in connection with the subject of the 
franchise was, that if a corporation should be restricted to 
earning what is called a fair return on its capital, and every cor- 
poration is treated on the same basis, improvements may be dis- 
couraged. But the modern theory seems to be that where 
there is state regulation a monopoly is not dangerous. It 
might well happen that one great gas company, one great 
electric company, one great transportation company, in the 
Borough of Manhattan, would be sufficient and would not be 
objectionable 1Ё it were wisely regulated. That would do away 
with one objection of Mr. Floy's resulting from competition, or 
lack of competition, if all corporations were to be treated alike. 

A friend of mine, a lawyer, said to-day: ‘‘ I sometimes wish 
very much that I could go out and deal with things, instead 
of with ideas.” The more one deals with ideas, except as 
those ideas are related to practical things, the more at sea one 
becomes. I agree with Mr. Floy that engineers have been too 
modest, but in other respects I have to differ with him. 

Chas. Е. Lacombe: In discussing Mr. Flov's paper possibly 
more value will attach to these remarks if it 1s stated that mv 
past experience has been largely in the line of building, operating 
and managing lighting and power plants, and that in entering 
the city's service it was entirely from a non-political stand- 
point, my work being purely of a professional character. Dur- 
ing the last five years in the city's service a number of im- 
portant discussions have come up, in which my particular work 
was involved, and, in consequence, I have been in close touch 
in these matters as they have occurred. 

In discussing this paper, one may assume probably that 
public supervision of public utilities corporations by commis- 
sions or other bodies is necessarv and has come to stay, not 
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on the theory that all corporations are bad or that even a ma- 
jority are bad, but on the theory as 15 shown by experience in 
late vears, that wise and far-seeing regulation of public service 
is necessary to.prevent the sacrifice of the service later оп to 
the demands of that portion of the financial world which ap- 
parently requires great profits from stock speculation at the 
detriment of evervthing else. The present New York street 
railway situation is a shining example of this, as well as of a 
law as to transfers that is almost disastrous. 

It has been said that the public gets no better service where 
there is public supervision, than it does where there is no super- 
vision: that is a question that depends largely on the kind of 
control exercised. · We will also need time to improve and 
perfect a method we have only just begun to use. This criticism 
mav be true in a limited sense where the companies are working 
on a high plane, not only for the benefit of their stockholders, 
but for good service to the public. But the idea that there 
should be no public supervision because there are manv of these 
companies, if carried to the limit, could be compared with the 
fact that we pass laws against crimes, not because the great 
majoritv are criminals, but to protect that majority against the 
very few who are. 

It is also the duty of a public service commission to stand 
between the company and the public when the public demands 
are unfair or impossible. Some of the most dificult work the 
engineer has to do in public service 1$ to prevent demands being 
made, mainly from ignorance, which are impossible to fulfil. It 
is our duty at times to protect the public against itself. This 
may sound odd, but a very good example is the present police 
trathe regulations. 

From personal experience, Г thoroughly approve Mr. Flov’s 
contention that there should be some engineering representation 
on these commissions, Their work certainly comprises super- 
vision of the most important engineering enterprises in the 
district which they control, and even one well equipped engineer 
of what we might call " general administrative engineering 
experience," would ђе a great aid to the commission in геп- 
dering unnecessarv, i£ the term mav be used, the conduction of 
the entire commission through matters of technique, which the 
engineer could settle at once, thus saving much time for the 
whole commission and giving them a clearer view of the main 
point at issue. 

In reply to this, in discussing it with attorneys on a friendly 
basis, they are very apt to sav: '' Well, assuming the Board 
is made up with no engineering representation, they can hire 
engineers." The reverse of this proposition would be equally 
true, that if it were made up largely of engineers, it could hire 
representatives of other professions. In a way business men 
and other professions seem to regard the engineer in the light 
of an expert only, in a limited field, and that beyond this he 
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has had little experience and has little knowledge of the affairs 
of the world at large with which they think thev are more closely 
in touch. It is hardly necessary here to point out the large 
number of what might be termed '' administrative " engineers, 
actively engaged in managing, at least in part, not only the 
engineering side but the business side of a great number of the 
enterprises. 

The engineer advising a commission of non-engineers not 
being a member of the body, would certainly be compelled to 
exercise the greatest care and conservatism in expressing opin- 
ions, which might be misconstrued in discussion among men 
who were not engineers. Nor would such an engineer take the 
responsibility which he might take as a member of the com- 
mission. This fact, in my experience, has been noted a number 
of times. The salaries offered by the State for engineers serving 
the commission, but not members, would not attract the men 
that could be secured as commissioners by the honor and dignitv 
of the position. A commission dealing largely with engineering 
subjects, therefore, made with a proper representation of law- 
vers, engineers, and business men, would I think be of more 
value than one in which either element was left out. 

From lack of careful engineering consideration due to hurry 
and rush caused by public clanior, regulations have been passed 
by commissions and by the legislature itself, which could well 
be termed ''inexpert legislation," and which the courts have 
rejected. This appears entirely unnecessarv, and involves a 
waste of large sums of monev. Much time and trouble would 
be saved in long and expensive lawsuits which have come from 
just this form of error. If an experienced, conservative engi- 
neer, with the power he would have as a member of such a 
commission, had been in touch with the matter he could prob- 
ablv have prevented a number of such cases in the past, for 
public clamor and government by newspapers would naturallv 
not appeal to him as against his knowledge of the laws of nature. 
In support of this, I would call attention to an example of in- 
expert legislation, of which we have heard a good deal. 

This 15 the suit of the Consolidated Gas Company against 
the attorney general, the district attorney, and the New York 
State Commission of Gas and so on, and also the Citv of New 
York, as contesting the constitutionality of Chapter 736 of the 
Laws of 1905, and Chapter 125 of the Laws of 1906, this latter 
law being known as ' The 80-Cent Gas Act." 

The Gas Commission set the price of gas to the’ private con- 
sumer at 80 cents in the city of New York, and the price of gas 
to the citv for its own purposes, at 75 cents per 1000 cu. ft. 
A decision has now been rendered against the citv bv the United 
States Circuit Court, Southern District of New York, which 
will be appealed to the Supreme Court of the United States, 
for the settlement of certain points as to constitutionality. А 
great deal of pressure, as voiced by the newspapers, was brought 
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to bear on the commission. If the commission had had an 
engineering representative of high standing it is probable that, 
taking into consideration the success of the sliding scale for 
gas companies in England, some such sliding scale would have 
been adopted here, instead of making a direct cut from $1.00 
to 80 cents, and to 75 cents in the case of the city itself. This 
reduction might have been extended over a period of vears, so 
that the increased consumption of gas, which seems inevitably 
to result from a decrease ш price, would have convinced the 
companies that they would not be taking the risk of having 
to operate at a loss. 

There is also in this law the requirement that gas shall be 
supplied at a pressure of not less than one inch, and not more 
than two and one-half inches in amy service main at any distance 
from the place of manufacture. As a matter of fact, to-day 
modern gas appliances require really a higher pressure than the 
minimum set, and the city itself in requiring the operation of 
gas lamps is put in a peculiar position, in that it is forced to 
require a minimum pressure of one and one-half inches in order 
to operate the mantle lamps at reasonable ећсіепсу, whereas 
the legislative act allows the company to fall to one inch 
pressure before the company 15 penalized. In Manhattan, 
with the very considerable rise in grade between the lowest 
point and the highest point, the rise in pressure due to 
the height of the column of gas, will alone force the gas pres- 
sure beyond the legal limits. The Consolidated Gas Company 
tried to operate within the legal limit, and they found that when 
thev did they received a large number of complaints from 
people who could not operate their gas stoves and cook their 
meals on account of low pressure. The penalty for any viola- 
tion of this condition was $1,000 for each offense. It has es- 
caped my mind now as to how many times the companies were 
found above or below the pressure required, but the last time 
it was looked up, and that was a year ago, the penalties would 
have amounted to a very large sum. 

The candle power of the gas was also raised from 20 to 22, 
which seems unnecessary, and if the gas fell below this candle 
power, the company was to be penalized by a fine of one thou- 
sand dollars for each offense. This also added materially to 
the cost of making gas. 

Further than this, in the same law— Chapter 736 of the Laws 
of 1905—the companies were also penalized $1000 per offense 
in case they even sent a bill to the Citv of New York for over 
75 cents per 1000 cu. ft. I cannot tell you the figure to which 
these fines would reach in case they had all been enforced 
rigidly and an attempt made to collect them. 

The United States Circuit Court in its final order declares 
that all these penalites are unconstitutional апа void and are 
not to be enforced. More than two years’ very hard work 
were put in bv both sides in this case, and the joint expenses 
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of the city and the company will amount to a large sum. Mean- 
while, the people of the city of New York have received little 
if any benefit. I think I can say safely that if it had been left 
to a board, having one or more competent gas engineers as 
members, these errors might have been avoided, and the price 
to the consumer gradually reduced. 

In addition to these matters, caused by inexpert legislation, 
the Supreme Court of the United States has recently rendered 
a decision in what is known as '' The Minnesota Case," in which 
thev state that the laws as passed by the legislature in the 
State of Minnesota affecting railroads and warehouses, contain 
certain penaltv clauses which would act to prevent the rail- 
roads and warehouses from going into court at all, and, in 
consequence, these penalites are unconstitutional and void. 
Beyond that they refer the matter back to some other court as 
to the propriety of the rates involved, in the following language: 

It cannot be to the real interest of any one to injure or cripple the 
resources of the railroads of the country, because the prosperity of both 
the railroads and the country is most intimately connected. The question 
of sufficiency of rates is important and controlling, being of a judicial 
nature it ought to be settled at the earliest moment by some court, and 
when a Federal Court first obtains jurisdiction, it ought, on general 
principles of jurisprudence, be permitted to finish the inquiry and make 
a conclusive judgment, to the exclusion of all other courts. This is all 
that is claimed, and this, we think, must be admitted. 

It is apparent, therefore, that penalties which are not legal 
and reasonable will be considered very carefully by the courts 
in these matters. While the Consolidated Gas case does not 
show any clauses preventing the company from having its day 
in court, it does show penalties imposed on the disobedience of 
conditions which are impossible or unreasonable. One, if not 
two, of these conditions would have been condemned by en- 
gineers. 

Decisions of this character certainly point out that legisla- 
tion affecting public service corporations must be fair and rea- 
sonable, and should be made by men who know something of 
the engineering and operating conditions. They point out 
forcibly the necessity and propriety of having a skilled and 
experienced engineering member in a public service commission. 

Mr. Floy also takes up the interesting question of franchises, 
what they are and what their valuation should be. To bring 
this matter up to date, I have procured and will read to you 
some definitions given of a franchise in the last decisions of the 
United States Circuit Court in the Consolidated Gas Case, as 
rendered by Judge Hough, and also as to the valuation of the 
Consolidated Gas Company's franchise. 

It appears that, apparently, the question as to whether a 
public service corporation is entitled to add the value of its 
franchise to the tangible assets on which a fair return would be 
lawfully demanded, is to be submitted to the Supreme Court 
of the United States for the first time. The United States 
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Circuit Court points out that the investment of property in a 
manufacturing plant was made, not in the franchise, but under 
the franchise, and on the faith thereof. In speaking of the 
ways in which the value of a franchise can be stated, the court 
says, speaking probably of the usual methods of obtaining 
franchises: 


On every private sale of franchise property, the price paid is so much 
money lost to the public by official incompetence or worse, and such sale 
can confer on the vendee no right to compel the consumer to repay him 
a price which should have been paid to the State. For these reasons I 
believe that, on principle, the franchise should be held to have no value 
except that arising from its use as a shield to protect those investing their 

roperty upon the faith thereof, and that considered alone and apart 
rom the property which it renders fruitful, it possesses no more economi- 
cal value for the investor than does the actual shield possess practical 
value apart from the soldier who bears it. 


The court then states that many decisions have been rendered, 
the trend of which is against his own views, but that for good 
reasons he must follow the weight of authoritv. He savs: 


I conclude, therefore, that I am compelled to consider franchises not 
only as property, but as productive and inherently valuable property, 
and to add their value, if ascertainable, to the complainant's capital 
account before declaring the rate of return permitted complainant by 
the statute complained of. 


In a later decision, after the re-opening of the case for certain 
reasons, speaking of his valuation of the franchise, the court 
says: 


It is not difficult to detect flaws in findings opposed to the settled 
opinions of the judge who happens to constitute the court. 

The court in its first decision then goes on to the question of 
valuing franchises, and says that, for the purpose of condemna- 
tion or regulation: 

The value of the franchise depends wholly upon what is earned under 
it, and I believe the best way of finding out how much a franchise separ- 
ately considered is worth, 15 to ascertain what those persons desirous of 
continuing operations under it consider it to be worth. In a corporation 
whose stock 15 freely bought and sold, such value is measured by the suc- 
cess attending the sale of stock based entirely upon capitalization of 
franchise, yet the value of stock issued only in consideration of the 
franchise is obviously dependent on earnings after the stock based on 
tangible property has received a satisfactory dividend. 

This is really the same measure of value that the New York Franchise 
Tax Commissions are using, except that instead of that reasonable return 
upon the tangible assets deemed by the commission as sutlicient, there is 
substituted the op nion of the investing or speculative public as to what 
constitutes a satisfactory rate or return upon all stock. Thus, if the 
investment of a hundred thousand dollars in a franchise protected busi- 
ness authorized, in the opinion of the promoters, the issue of two hundred 
thousand dollars’ worth of stock, and such stock for a number of years 
maintains itself at par, paying satisfactory dividends, it would be obvi- 
ously fair to assert that in the opinion of the share-holders that franchise 
is worth one hundred thousand dollars, assuming no depreciation of 
tangible assets. Yet it will always be true that unless the whole net 
return, compared with the value of tangible property, is above a satis- 
factory return on the tangible investment alone, the addition of stock 
issued for franchise will be regarded as '' water”, and detract from the 
value of the entire issue, and I think this is conclusive proof that value in 
a franchise depends wholly on what the actual investment can earn. 
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I consider the real reason which compels me to consider the value of 
franchises to be that for generations it has been the universal practice 
of American Corporations, supported by the opinions of courts and counsel 
to capitalize their franchises for all 1t was thought traffic or business 
would bear, until the country is full of share-holders whose certificates 
of stock are based upon the belief that in some way or other such certifi- 
cates were legally created pieces of property and would, like other property 
be protected by Federal and State constitutions. 

The court then goes on to value the franchise at this date 
on the basis of the valuation ш 1884, when the Consolidated. 
Gas Company was started, proportioned to the value of per- 
sonality and realty of thirty million dollars, the investment at 
that time in tangible assets. He finds the investment in tan- 
gible assets in 1905 is forty-seven milhon dollars, and the fran- 
chise valuation proportioned thereto would be twelve millions, 
which he allows. The court explains this in his later opinion, 
in which he states that the franchises of 1884: 

Might as well have been valued at twice the amount of stock then 


issued. It was nothing but an attempt to capitalize expected profits; 
but the attempt now has tweaty years’ success to justify it. 


Further on he defines franchises as follows: 


The so-called franchises may be denominated “ licenses, or tenancies 
at will " or * continuing trespasses ”, yet what is being done under them 
is a fact, a profitable thing, a taxable property by the law of this state, 
The State of New York, therefore, is estopped from continuing to tax 
that property by one set of representatives and denying it all value 
through the instrumentality of another. 

The contention of the city of New York in this matter was 
that the franchise had value as regards condemnation or sale, 
but that it should not have value when it capitalized that value 
and charged a return upon it against the public that gave 
them the franchise. 

It will be very interesting to note the decision when 1t is given 
bv the Supreme Court of the United States, and it is to be 
hoped that it will go into the question of what is the proper 
wav to value a franchise, particularly when, as stated, this has 
come before the court practically for the first time, strange 
as that mav appear. 

I trust that I have not quoted too much law, but I thought 
that it would be of service to bring in some of the decisions 
which have been rendered since Mr. Flov wrote his paper, and 
I also thought that 1t might be of value to a number of engi- 
neers who are at times confronted with similar problems. 

Н. M. Brinckerhoff: This question of the necessity of co- 
operation between corporation officials and the public service 
commission was made a prominent part of the speech of Com- 
missioner James E. Sague, of the Second District of the State 
of New York, at the annual banquet of the Stevens Alumni 
Association. He said: 
` Satisfactory results can only be obtained by cordial co-operation be- 


tween the corporation officers and the commissioners in the same spirit 
which was exercised in the conference between the Interstate Commerce 
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Commission and the corporation accountants in the preparation of the 
uniform system of railway accounts recently adopted. . 

In all departments of the commission's work the same necessity for 
co-operation is apparent. We all need to be educated in this field. 
We can probably learn much from Europe, and especially from England, 
where the Board of Trade has functions similar to those of our commis- 
sions. The commissions need all of the intelligent advice that they can 
get, and all criticisms if kindly made, will be received in an humble 
spirit. We want to know where to begin in our work. We want to learn 
what is most important to be done now, and what ought to be left for 
the future, and we need especially perhaps to learn where to stop. 

This is the carefully considered, positive statement of the 
only technical member of the New York State Public Service 
Commission, and when it is considered that Mr. Sague has had 
long experience in railroad operation as well as large corpora- 
tion affairs, it forms a very striking argument for exactly the 
idea we are advocating. 

Our public utility boards and railroad commissions to attain 
full usefulness should have upon them some experienced men, 
men who have been through the mill and who will not ask the 
impossible. No man, no matter how sincere and devoted, can 
grasp in a few minutes, operating questions with which he has 
never had actual personal experience. 

The great variety and complexity of questions coming before 
public regulating boards require for proper balance a member- 
ship representing legal, financial, and commercial experience, 
but equally important is it that some experienced operating 
members should sit upon these boards in order that a proper 
appreciation of the effect of proposed orders and regulations 
mav be considered and clearly appreciated by the board during 
its deliberations. 

At this point I part company with the author in that I do 
not agree with his contention that commissioners should be 
primarily and exclusivelv engineers, and I doubt whether this 
was in the mind of Mr. Perkins when he made the remark: 

A Railroad Commission should be composed of railroad men who can 
deal with the questions arising in a practical way. 

The questions which come before boards of public control 
are 90 per cent. operating questions in the sense that they 
affect directlv or indirectly the methods of, quality of, or re- 
muneration for, operation. I have no fear that legislation or 
the rulings of utility boards will reverse the laws of gravity, 
strength of materials, or even the design of rail-sections; but 
I do fear that their action in certain instances will have an 
unexpected detrimental effect upon the very service which 
thev were hoping to improve, a result which experienced op- 
erating men would clearly foresec. 

Purely engineering questions should be handled by engineer- 
ing experts who are making a specialty of the particular line 
momentarily under consideration. Mr. Floy’s remark in re- 
gard to hired experts seems to be a condemnation of all con- 
sulting engineering work, as there should be no difference in 
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the amount of responsibility assumed or service rendered when 
acting for a public commission, a corporation, or a private 
individual. No one engineer-member of a commission could 
expect to keep up with the vast intricacies of all the engineering 
questions which might come before the board, whereas a prac- 
tical, experienced operating man who had had the daily, monthly, 
and yearly running of a plant or system under his charge, 
would have sufficiently good judgment and experience in engi- 
neering matters to know when he must call upon an expert 
engineer and properly to select such an expert. 

There can be no question that in many instances where public 
service commissions make rulings adverse to the company, 
which afterwards prove unwise, it is quite as much the fault 
of the companv as of the commission, the company not having 
fully laid before the commission the actual facts ш the case. 
In this connection the attitude taken necessarily, or perhaps 
we might say customarily, of presenting matters to a commis- 
sion in public meeting as they would be presented before a 
criminal court, brings about an unfortunate result. 

It is probably impracticable at the present time to expect 
matters of this kind to be considered openly in a fair, 
candid discussion, but if such a course could be pursued 
I am satisfied much better results would be obtained than by 
the formal, legal methods now pursued. Our commissions 
would very seldom go radically wrong if they had the real 
facts placed clearly before them. Two conflicting, cleverly 
concocted, partisan statements, on the contrary, befog rather 
than clarify the issue. 

Every operating man knows that to make the worst appear 
the better reason, while it may be a triumph of legal skill, 1s 
not a satisfactory method of deciding operating questions. 
There may be differences of judgment, but an accurate basis of 
facts is necessary for the protection of both parties to a con- 
troversy. A short cut to a correct result would in many cases 
often be made by the presence on the board, as has been sug- 
gested, of experienced operating men, and I am greatly in hopes 
that we will see before long the appointive power fearlessly 
used to place upon these commissions carefully selected men 
of this class to co-operate with and assist the otherwise ex- 
cellent personnel of which the commissions are composed. 
Such appointments would not only be just to the railroads but 
beneficial in the long-run to the public. 

Louis A. Ferguson: I heartily concur with Mr. Floy's views 
as to the desirability of having thoroughly trained and well 
equipped men of technical knowledge and broad experience 
upon the various commissions entrusted with the duty of regu- 
lating rates or the conduct of business by public utility corpo- 
rations. It appears to be the trend of modern legislation to 
take from the various legislative bodies, city councils, etc., the 
power of regulation of public service corporations, and place 
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it in the hands of commissions. This is extremely desirable, 
not only from the viewpoint of the corporations, but of the 
public as well. Attempted regulation of public utility corpora- 
tions by large, unwieldy governing bodies such as the board of 
aldermen of large cities like New York, Chicago, Philadelphia, 
or Boston, is seldom satisfactory either to the corporation or 
the public. Such bodies rarely number among their members 
men of sufficient technical knowledge and training to enable 
them to pass upon the questions involved with any degree of 
satisfaction. For instance, when the regulation of the rates 
to be charged by a telephone company, a gas company, or an 
electric lighting company comes before a body of men number- 
ing from fiftv to seventy, it 1s almost impossible sufficiently to 
educate so great a number of men in any reasonable period of time 
so as to enable them to pass intelligently upon the questions 
involved. Usually many months, and often vears, are spent 
in hearings before such bodies, and finally a rate is established 
which is not infrequently but a compromise between the rates 
proposed by corporation and the board of aldermen; it is not a 
rate based upon a thorough, scientific basis of reasoning. Dur- 
ing all this time the affairs of the corporation are in a disturbed 
condition, its directors cannot plan any extension of business, 
the proper financing is made much more difficult, and stock- 
holders become alarmed at the various reports as to the prob- 
able action in regard to the fixing of rates. How much more 
satisfactory and how much fairer is a hearing for such a purpose 
when conducted before a properly equipped commission ap- 
pointed either by a legislature or by a governor, a commission 
numbering say three, five, or seven, all of whom, or at least a 
majority of whom, are thoroughly trained engineers, pos- 
sessed of a scientific knowledge of the subject under discussion, 
and able, of their own knowledge, to arrive at an absolutely fair 
result, fair both to the corporation and to the public. 
Practically everyone will concede that a public utility cor- 
poration is entitled to a fair return upon its investment. The 
chief difficulty encountered is the varving views of different 
people as to what is meant by “ fair return ". Some extremists 
contend that the legal rate of interest fixed in any state 15 a 
fair return for public service corporations doing business in that 
state, while others contend for as high a rate of interest as cap- 
ital can secure by engaging in апу mercantile or other legitimate 
enterprise. In my opinion neither of these views 1s correct. 
There are but few capitalists that would care to engage in any 
industrial enterprise, such as manufacturing, where the re- 
turns upon the investment would be less than twelve per cent. 
А review of the returns made upon capital invested in banking 
enterprises throughout the country shows a very high return 
of interest upon the capital invested, in manv cases running as 
high as twenty, thirty, fiftv, and in one case at least as high 
as one hundred and twenty per cent. No one will seriously 
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contend that a public service corporation is entitled to so high 
a return upon its-investment as is referred to in the case of 
banks; nor, on the other hand, should anyone seriously contend 
that such a corporation 1$ entitled to, sav, only five per cent. 
return upon its investment, five per cent. being the legal rate 
of interest in the State of Illinois. It is axiomatic that the 
return upon capital invested in public service corporations should 
be sufficient to entice capital. There is no magic about a public 
service corporation or about the business in which such cor- 
porations engage which will serve to attract and interest cap- 
ital, unless the return upon the money invested be approximately 
that which might be earned upon the money if invested in other 
legitimate enterprises. It is mv opinion that public service 
corporations would be and should be satisfied with a lower 
rate of interest upon their investment where their rates and 
other business dealings with the community are controlled by 
a commission, small in number and composed of, say, trained 
engineers, than they would deem satisfactory if their rates and 
other business dealings were controlled, as they are now, by 
state legislatures or boards of aldermen. In the first case the 
corporations may be reasonably sure that no radical measures 
will be advocated Ьу a commission which would serve to throw 
unnecessary burdens upon the corporation, or which would 
prevent the corporation from earning a fair return upon its 
investment. In the second case the corporation 1$ compelled 
to exist in a constant state of uncertainty, never knowing what 
wave of radicalism may strike the community and be re- 
flected in its lawmaking body, whereby public clamor may 
result in the fixing of rates so low as practically to amount to 
confiscation, or in the surrounding of the business with such so- 
called safeguards or other provisions relating to methods of 
bookkeeping, etc., as to make it, if not extremely difficult, at 
least extremely expensive to operate its business in a satis- 
factory way and in compliance with the law. 

Too much stress cannot be laid, however, upon the absolute 
necessity of appointing as members of state commissions en- 
trusted with the regulation of the affairs of public service cor- 
porations, men of undoubted integrity, the highest order of abil- 
ity, and possessing the confidence of the community. In fact, 
the members of such a commission should be the same class of 
men, so far as their standing and ability are concerned, as we 
expect to find in the Supreme Court of the United States. 
If these commissions are to be made fat berths for politicians, 
public service corporations have only jumped from the frying- 
pan into the fire. The temptations and possibilities for wrong- 
doing in such a position are enormous, and weak or unscru- 
pulous men occupying such positions would have it in their 
power either greatly to oppress the corporation or so greatly to 
favor it as to create much dissatisfaction in the community, a 
state of affairs which would eventually result disastrously 
to the corporation. 
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There is no doubt that the sentiment of the public 1$ now 
undergoing a marked change in its views toward public service 
corporations. We have passed through an era of radicalism 
during which the public regarded large public service corpora- 
tions in the light of public enemies, and believed that no measures 
were too severe to be directed against the corporation and no 
restrictions too rigid to be thrown around them. It was for- 
merly thought that competition was the thing, and that by 
granting a license to several gas companies, several electric 
lighting companies, or several telephone companies, much better 
service and much lower rates might be secured. It has been 
discovered that this theory is entirely wrong, and it is now 
rapidly becoming the sentiment of the public that the best in- 
terest of the public 1s served bv a properly regulated monopoly. 
It has been discovered that whenever two or more public ser- 
vice corporations engaged in the same line of business are serving 
the same community, they are not likely to remain separate 
very long. Duplication of plants is а waste of capital which 1$ 
not economic, and, 1f persisted in, necessitates a much greater 
outlay for cost of operation. If there 1$ bona fide competition 
between two such corporations, it means a war of annihilation 
until the weaker of the companies is forced out of the field. 
This militates against good service and also prevents con- 
servative capitalists from investing money in public service 
corporations doing business in a community where such a state 
of affairs exists. Where a public service corporation may be 
assured of a monopoly, or a practical monopoly, of the field 
it may very well consent to do business at a much lower rate of 
interest upon 145 investment, because the fear of irresponsible 
competition 15 removed and the business тау be conducted 
with an exact knowledge of all the factors entering into the cost 
of conducting and maintaining the corporation and prosecuting 
its business. | 

The remarks of Mr. Flov upon the desirability of engineering 
experts equipping themselves for service upon state commis- 
sions and the advisability of the various institutes and similar 
bodies of engineers taking an interest in public affairs with a 
view to having their members placed upon such commissions, 
commends itself to me, and I am a firm believer in the advis- 
ability of such a policy on the part of our engineering bodies. 

Henry L. Doherty: There is so much to be said both for 
and against public control of public service corporations that 
nothing short of a large volume would cover all of the im- 
portant things which might be considered. Therefore, I shall 
touch briefly on only one or two points of first importance. 

Public opinion 15 such that perhaps public control of public 
service corporations is inevitable. It would seem self-evident 
that the scope of this control should be the least possible to 
insure protection to the public. The recent tendency of some 
of the public utility bills, however, scems to anticipate public 
general managership rather than public control. 
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The broader the scope of control attempted the less efficient 
will be the work of public control, and an attempt at too much 
breadth will defeat the whole scheme of public control If 
public control is inevitable, this control must be shaped so as 
to make its disadvantages the least burdensome and its ad- 
vantages the most beneficial. To insure impartial decisions 
the executors charged with public control should be as far re- 
moved as possible from the influence of public opinion. 

Public control, however, is apt to convince the owners and 
managers of a quasi-public corporation that only the minimum 
returns may be earned and distributed. And this interpretation 
of public control removes all incentive on the part of the owners 
and operators of quasi-public corporations to make proper effort 
for economies and improvements. The so-called '' London 
Sliding Scale "—which is а very incomprehensive name to a 
very comprehensive subject—is an attempt at a reasonable 
division between the public and the owners of the property 
for improved results. For public control to be a success it must 
be automatic as far as possible, and the company must be premi- 
umized in the shape of higher returns for improved results. 
The plan for the accomplishment of this end can, I believe, 
be best secured by, and demands, engineering consideration. 

The men charged with this work must have an extraordinarv 
degree of intelligence, or else a combination of experience in 
the business which they are expected to control coupled with a 
high degree of intelligence. 

These executors are generally constituted as commissions, 
and they in turn must have a competent staff of accountants, 
statisticians, and experts. The success of the plan must rest 
primarily with the fairness and intelligence, not only of the 
commission itself, but of all their various assistants. Under 
modern conditions а public service commission cannot do either 
intelligent or effective work without competent engineering 
advice or assistance. This I think is generally recognized, and 
the commissions accordingly have their engincering statfs. 
But in selecting the commissioners themselves the engineering 
profession should not be overlooked as а very likely source of 
the best available timber. 

W. W. Freeman: With respect to the question as to what 
would be the best make-up of the public service commission, I 
have no suggestions to offer. I have found no difficulty in 
agreeing with some things that have been said by each of the 
speakers. As one who does not claim to be an engineer, I enter- 
tain no fear whatever from the standpoint of having the engi- 
neers represented on the commission. At the same time, I 
should be equally anxious to have a thorough representation of 
broad gauge business men who would view the situations pre- 
sented from the executive and business standpoint, entirely . 
aside from engineering or technical ideas. 

I agree with Mr. Floy that the matter of determining the 
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value of a franchise is likely to adjust itself when it has been 
definitively decided that the valuation admitted for the purpose 
of taxation 1s equally available as an asset upon which a fair 
return can be earned. 

In the matter of a fair return, Mr. Floy apparently thinks 
that six per cent. is admitted from the legal standpoint, that 
nine per cent. or more 15 asked for by the investing public, and 
that eight per cent. would probablv be acceptable, and that 
the franchise should be fixed at a valuation that will make up 
the difference. If the franchise has a legal valuation the com- 
panies are entitled to the return on that valuation, whether 
it be for property that is intangible or tangible, and it would 
seem that if we are claiming eight per cent. or any higher per 
cent., we must of necessity in justice to our own interests ask 
and demand that return upon the fixed valuation of the fran- 
chise the same as on the tangible property. 

It seems to me that the plan of fixing the gross income which 
a company shall be entitled to earn, after its expenses, plus 
depreciation and plus six per cent. of eight per cent. return, 
leaves altogether out of consideration the fundamentals on which 
the business is based. The first consideration in public service 
regulation doubtless ought to be a demand for good service. 
I think we will all agree with that. Then of course comes 
the demand for a reasonable charge, which 1s admitted, and then 
the question of a fair distribution to the stockholders, which is 
also admitted. But equally important with these three is 
what amount over these items must of necessity be assured to 
the company for permanent and successful operation. There 
are vears when the revenue will be less than in other years, and 
anv company that disburses all of its earnings in its good vears 
will have no earnings to disburse in the poor years. The main- 
tenance of a permanent investment requires of necessity some 
reserve, and in addition there are the expenditures attaching 
to extension work and improvements. These vary with the 
company, and the idea of the company earning only the amount 
which it needs for distribution to its stockholders seems to me 
to be Ш considered. I believe that public control should be 
exercised over, not so much what the company carns but the 
amount disbursed, and what it does with the balance. For 
instance, a company that has a capitalization of $1,000,000 
and earns and distributes, say, over and above expenses, eight 
per cent. on $1,000,000, distributes $80,000 a vear, and that 
company requires $50,000 or $100,000 а year for the extension : 
of its business in new work. Now, whether that company 
issues additional capital during each year to take care of these 
extensions, and pays the same rate of dividends upon the total 
capitalization, or whether it earns a sufficient amount to enable 
it to pay a fair rate of return to its stockholders, and also a 
sum bevond that which will enable it to take care of its exten- 
sions and additional capital, is the same thing to the public, 
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but it means a great deal of difference to the company. I 
feel that it would be very much more conservative management, 
very much more in the interest of the corporation and public 
if the company should be able to manage its business so that it 
could take care of reasonable expansion independent of its 
ability to raise further capital from year to year, so long as it 
is supervised in respect to its charges and its disbursements, 
and what it does with the surplus. If that plan were followed, 
it would be very much in the public interest as well as ш the 
interest of the company. 

George S. Coleman (by letter): I should like to add a com- 
ment on that part of Mr. Floy's paper in which he says: 

А perusal of the minutes of the hearings held before state commissions 
will convince any unprejudiced person that a disproportionately large 
amount of evidence and testimony is submitted, in the consequent 
unnecessary financial expense and consumption of time for the purpose 
of explaining terms, apparatus, and methods of operation and expendi- 
ture to commissioners who, in general, should be acquainted with the 
matters being considered. 

In justice to commissioners generally it should, perhaps, be 
said that their official duties require them not only to decide 
questions but to preserve a record of the testimony submitted, 
and to make the record intelligible to those who are not experts. 
In an ordinary suit at law technical terms have to be explained 
for the benefit of court and jury. The commissioners must 
fortify their findings by a proper record, so that 1f their decisions 
are challenged they may properly defend them. While this 
involves tedious inquiry it seems almost essential to orderly pro- 
cedure. 

Henry Floy (by letter): It is a pleasant surprise to find so 
much agreement among the engineers, if not among the lawyers, 
with the views expressed in my paper. Even Mr. Coleman 
agrees with my opinions more fully than perhaps he seems to 
admit, when he says: 

I would just as lief commit the affairs of the public service to a body 
of engineers as to any other body of men whose profession compels them 
to think, and whose training and experience tend to make them im- 
partial. 

I do not for a moment wish to convey the idea that various 
engineering specialists, experts in particular departments, 
should make up a commission. I do not argue that an elec- 
trical expert, a specialist, should properlv be a member of the 
commission, or as Mr. Brinckerhoff seems to understand, that 
“ commissioners should be primarily and exclusively engineers.” 
I would consider a mechanical engineer, if he knows something 
of electrical work, hvdraulic work, gas work, and has had ex- 
perience in the operating and commercial departments of a 
public utility corporation, much better qualified to make а 
good commissioner. The same way with the railroad man. 
What is wanted 1$ not an expert designer of cars or locomotives, 
but an engineer experienced in railroad organization and opera- 
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tion. Mr. Coleman makes the too common mistake, which I 
referred to, of considering a man with a technical training 
capable of passing on technical questions only, whereas such 
training is, frequently, merely the basis for success in commer- 
cial and economic affairs. I do not argue that a commission 
should be made up, entirely, even of widely experienced engi- 
neers; that would be as erroneous as constituting it of lawyers 
or business men. Neither can I see any necessity for three out 
of five members of a commission being lawyers; for a large 
amount of the work of a commission has nothing to do with 
law, as such, while much of it has to do with engineering ques- 
tions. From my experience before commissions, I believe more 
helpful and practical results would often be accomplished in a 
simple and expeditious way by following procedure which 
might possibly be termed engineering rather than legal. Why 
questions involving matters of an engineering nature cannot 
be best answered by a commission constituted partly of men 
who are conversant with engineering affairs, I cannot under- | 
stand. My plea is for a balanced commission consisting of 
engineers, business men, and lawyers. 

With regard to operation versus regulation, Mr. Doherty's 
discussion very completely expresses my view. 

Mr. Brinckerhoff's ideas and my own, as to the value and 
propriety of retaining consulting engineers, are, I believe, 
ident cal. My thought was that the responsibility for a decision 
must rest upon the commissioners; it should not on any plea 
be shifted by them to ''hired experts ", however competent, 
either as consultants or direct employees. 

As I understand Mr. Freeman, it does not seem to me he 
quite appreciates some of the points I have tried to bring out. 
There is no getting away from the fact that commissions are 
being appointed and franchised valuations are being determined. 
One need not agree that one-third is the correct valuation of a 
franchise, but some valuation must be fixed and it seems to me 
we want to study this question and try to determine the figure 
that will be reasonable and fair to both sides. Purely as an 
illustration, I have suggested a franchise valuation of one-third 
and a rate of six per cent. because in some cases that is a fair 
valuation and rate, and we may be able in some instances to 
get the opposing sides to compromise on these figures. Of course, 
as an Institute we do not want to stand committed to six per 
cent. or any other per cent., but as a practical proposition it is 
comparatively easy to get money to invest at eight per cent. if 
the investing public is assured that it will be protected in an eight 
per cent. net return. In the past the New York public service 
corporations may not have been able to get investors interested 
on an eight per cent, basis, but they will be able to do so in the 
future if their interests are protected by a commission. 

I agree with Mr. Freeman as to the necessity of a reserve 
account, which, however, together with other similar items, 
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was covered, in my thought, by the percentages allowed for 
'" maintenance " and ''depreciation." The amount and item- 
izing of these several details is, of course, immaterial for the 
purpose of here illustrating a method of determining franchise 
valuation. I differ with Mr. Freeman as to his suggestion that 
a public service corporation should provide for its expansions 
from earnings; I had supposed it was now pretty generally 
agreed that extensions should be charged against the capital 
account instead of being made a part of the charges for service. 
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METHODS FOR LOCATING TRANSPOSITIONS OF WIRES 
AND SPLIT PAIRS IN TELEPHONE AND TELE- 
GRAPH CABLES 


BY HENRY W. FISHER 


Some of the telegraph companies demand that there shall be 
no transpositions of wires in any of the layers in a telegraph 
cable. By this is meant that the wires of every layer must have 
the same relative order at each end of the cable. There is usually 
a tracer or wire covered with different colored paper from the 
rest in every layer, and by counting from this tracer any par- 
ticular wire can be located at any point in the cable. Ifa wire 
is fifth from the tracer in a clockwise direction at one end of the 
cable, it will be fifth from the tracer in a counter clockwise 
direction at the other end of the cable. By this general plan it 
becomes possible to identify wires without resorting to some 
of the common methods of testing. However, in order to be 
able to place implicit reliance in a scheme of identification of 
this sort, not only must the cables be manufactured correctly 
but the jointing must be made by skilled men who are careful 
to connect the wires of each layer in consecutive order, and as 
an extra precaution make repeated tests at both ends of the 
jointed sections as the work of splicing progresses. Even after 
exercising the greatest care, a transposition may occur. The 
object of the present article is to show how a fault of this kind 
can readily be located by some methods devised by the author. 

Te do this a ballistic galvanometer, battery, condenser, and 
discharge key can be employed, but the writer prefers to use 
an alternating current or continually reversed direct current, 
a wheatstone bridge ог its equivalent, a condenser, and, аза 
current detector, a telephone, or, still better, a vibration galvan- 
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Instruments are now made which are suitable for this work, 
provided that the length of cable 15 great enough to obtain 
sufficiently discriminating values between the various tests 
made. 

As the methods employed deal entirely with measurements 
of electrostatic capacity, which are ably described in many 
text and hand books, the writer will here only briefly show by 
diagram and description the arrangement of sensitive apparatus 
Which was employed to verify the accuracy of the methods 
used. | 

Fig. 1 gives in diagrammatic form the connections and appar- 
atusemployed. К, R' and К” are non-inductive resistances wound 


also so as to have a minimum capacity. С is the vibration 
galvanometer, C a standard condenser, and А C the alternating- 
current source which, by means of an electrically driven tuning- 
fork arrangement, was kept at a frequency that gave maximum 
vibration to the galvanometer needle. The resistance Л” is 
needed to obtain the condition of balance or zero vibration of 
the galvanometer. 

The plan of operation was to keep К’ constant and vary К 
and К” until the galvanometer ceased to vibrate. R” does not 
enter into the calculation of capacity which is represented by the 


R 
formula TRU C. Therefore, as R’ and C were constant, the 


relative capacities are proportioned to К, and as we deal here 
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entirely with relative values the figures given for the different 
tests are the R resistances required to give zero vibration to the 
galvanometer. 

Telegraph cables. Before proceeding to the derivation of 
formulas, it is important to remember that the theory of relative 
capacities with different connections in bunched or paired tele- 
graph or telephone cables is extremely complex. The formulas 
here given are not absolutely correct, on account of certain very 
small capacity effects that are ignored for the sake of sim- 


EDCA Bc р’ Е’ 


FIG. 2. 


plicity. They are probably close enough, however, because it 
is impossible to make cables of this sort and not have in the 
capacities of different wires variations of as much as five or ten 
per cent., which would be sufficient to cause great discrepancies, 
even if theoretically correct formulas were employed. 

We shall first consider the simplest case; namely, that where 
adjacent wires in a telegraph cable are transposed, and after that 
we shall give general directions which are applicable to almost 
any condition of single transposition. 

Fig. 2 represents a number of wires ша layer of cable. А 
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and B are the two wires which are transposed at a distance of .X 
feet from the end where the test is applied and Y feet from the 
other end of the cable. In representing a test between two 
wires the letters designating each will be coupled together thus: 
The capacity between А and B will be spoken of as capacity А B. 

The general plan of procedure is to determine the capacity 
between adjacent wires and also the capacity between wires C 
and E, the latter being selected so that the number of wires 
between C and E is equal to the number between C and B 
or between С’ and А. 

If the capacities between C and A, and between C and B, are 
then measured we can derive a formula which will give the 
approximate distance to the fault. In order to get good average 
results it is advisable to make a number of measurements of 
similarly placed wires as is shown below. The first thing to 
do is to determine the relative capacity values of the following 
combinations of wires—A B, CE, C'E’ CA, C' B, CB, C'A. 


Let capacity А B = а (1) 
Р " poe Е’ _ b (3) 
2 
У ^ СА+С'В 
uu == | (3) 
C B -C' À 
[11 be ONE = а (4) 


еті 


Let L = the total length of the cable. 


The capacity per foot of (1) — T (5) 
[1] “ [11 “ “ б b 
(2) = > (6) 
From which we get, 
a b 
yore! e (7) 
а Ь 
туђу х = 4 (8) 


Solving equations (7) and (8) for x we have, 


ac—-bd. 


X — the distance to the fault — ЗН Ж ОКИЛ x 


L (9) 
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Now as x+y = L, we can substitute у = L—x in equations 
(7) and (8) and get the following results,— 


xo = х L (10) from equation (7) 
x= 1—7 x L (11) from equation (8) 


Equation (9) is the proper one to use because equations (10) 
and (11) do not generally give concordant distances, although 
their average is usually near the distance obtained by equation 
(9). | 

To give the above formulas a practical test, two wires were 
transposed at 130 ft. from the end of a cable measuring 280 ft. 
and the following values were obtained. 


TRANSPOSITION No. 1. 


a = 167 
п • 
pe сл ВА 
2 
: 
eut 148 + 145.5 — 146.75 
2 
dus pu — 149 


2 


Substituting these values in equation (9) we get, 
x = 128.9 ft., or about 1 foot from the transposition. 


Substituting in equations (10) and (11), the values of x are 
113.6 ft. and 146.1 ft., or an average distance of 129.8 ft. 


TRANSPOSITION No. 2. 


a = 161.5 

9 у 
ђ е ант 128.5 
oe 138.5+ 141.5 — 140 


2 


5+ 142.5 
ПА Па. 


i 


= 141.5 
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Substituting these values in equation (9) we get, 
х = 129.6 ft., or about 0.5 ft. from the transposition. 


Substituting in equations (10) and (11) the values of x are 
96.9 ft. and 168.4 ft., or an average distance of 132.6 ft. 

As mentioned before, it will be noted here that the values 
found by equations (10) and (11) differ widely. This may be 
partly due to inequalities in manufacture, but is more likely 
caused by the formulas being only approximate. The average 
value of (a) as measured should be slightly too high, and this 
would make the results by formula (11) too great. In formulas 


Н DCAFG GFBCD МОБ 
X X X X ^ 
X X X X 
X X X 
X x X 
X X X 
X X |x 
X X X 
X | X nS m 

E zs 
x | Хх 
X 
XIX X 
XIX X 


(10) and (11) nearly equal terms are subtracted and this is 
always a source of error. This kind of test is necessarily of 
such nature that even slight irregularities in manufacture may 
cause great differences in the calculated distances. It is for this 
reason that so many measurements have to be taken, for we are 
enabled thereby to obtain average results. 

We will next consider the case where there are several wires 
between the transposed wires, which, as before, should be 
marked 4 and B. The wire adjacent to B should be marked C’ 
and that next to А should be marked С, as indicated in Fig. 3. 
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Then select and mark a wire E such that the number of wires 
between C and B is equal to that between C and E. Also select 
and mark a wire Е’ such that the number of wires between С” 
and А is equal to that between С’ and Е’. 

The tests can now be made exactly as described above, with 
the exception that for capacity А B = a, the capacity between 
several pairs of adjacent wires near but not including A or B 
should be determined and the average of these taken as (a) in 
formula (9). The wires generally measured are C D, FG, 
F'G', C' D'. After the values of (b), (c), and (d) are found, 
the distance to the fault can be calculated by equation (9), and, 
if desired for the sake of comparison, by equations (10) and (11). 

A separate set of values for b, c, and d can be found by selecting 


E Н DCAFG GFCO Н Е 


A X X X X x 

| x | x X x | А 

| |х |x х x | x 

X|x|x X x | A 
| 

: ^ X x | x 

| | x x хх 

У pup X X| xX 

X X 
У | х | Х x x |X 


Ce FP! 104. 


the wire H so that the number of wires between F and H equals 
the number between F and В; also the wire Н’, so that the num- 
ber of wires between F’ and H’ equals the number between 
Е’ and А. 

Then 


_ ЕН+Е’Н’ _ЕА'+Е'В 


апа qum А 


b 2 У 2 2 


With these and the previously determined value of (а) а check 
value of x can be found by equation (9). 

Fig. 4 illustrates the case of a single displaced wire А. Неге 
the number of wires between C and E and between С’ and E’ 
equals the number between C and а. Also the number of wires 
between F and H and between F' and H' equals the number 
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between f and а. Having tagged the wires as just described and 
as illustrated in Fig. 4, the same connections and tests as men- 
tioned above can be made except those involving the wire B 
which does not exist here. Therefore only one-half the number 
of tests can be made to get c and d and hence an accurate loca- 
tion of the fault cannot be expected. 


Tables 1 and 2 give the results of tests on telegraph cables. 
Fault 1 had 3 wires between А and B. 


“ 9 “ 2 “ “ “ 
4 3 “ 3 «4 “ “ 
“ 4 “ 2 “ “ “ 


Fault 5 was a single displaced wire as illustrated in Fig. 4 
and there were 4 wires between a and с. All the figures obtained 
are given in the tables so that persons interested in this subject 


TABLE II 
Calculated distance Average error 
Length Actual to fault in feet 
No. of ot distance 
Fault cable to Other wires | Other wires | Other wires | Other wires 
fault not grounded| grounded [not grounded| grounded 
No. 1 1098 ft. 208 ft. 176.1 ft. 189.9 ft. — 2.7 —10.5 
234.5 ft. 205 ft. 
No. 2 1098 ft. 208 ft 238 ft. 237 .6ft. +37. +24. 
252.5 ft. 220 ft. 
No. 3 1021 ft. 557 ft — 569.8 ft. —— +18.6 
581.5ft. 
No. 4 1021 ft. 794 ft 823 ft. 818 ft. +19. +24.5 
à 803 ft. 819 ft. 
No. 5 987 ft. 265 ft. 193.6 ft. 209 .6 ft. —66.3 —09.2 
203 . 8 ft. 181.9 ft. 


can study them, noting the change of capacity for different 
connections. 

Table II gives the errors in feet; they are sometimes + errors 
and sometimes — errors, thus tending to show that inequalities 
in manufacture are probably largely the cause of the discrepancies. 

Telephone cables. Telephone cables are made up of twisted 
pairs, and when they are jointed no attempt 1s made to connect 
the pairs in any definite order. In fact most of the telephone 
companies mix the pairs of the different layers up as much as 
possible, thereby making the capacity of the pairs more uniform 
and the cable more efficient for telephone service. Оп account 
of this method of installation, it is more difficult to locate split 
pair faults accurately. 


Fig. 5 illustrates what is meant by a split pair. The wires C 
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and F are connected straight through the cable, but D and E 
are cross-connected. If those two pairs are used for telephone 
service there will be more or less cross-talk, depending upon the 
location of the transposition. Hence the need of locating the 
joint where the wrong connection has been made and rectifying 
the mistake. Some of the methods which have been used for 
locating split pairs are not reliable, giving only a rough approxi- 
mation. | 

After a consideration of the former work presented in this 
paper, it will be seen that the same general methods may be 
employed provided we can make the capacity b fairly uniform 
throughout thec able, and then either measure it directly or else 
eliminate it from equation (9). The first can be accomplished 


A DC A’ A” E p д" 


FIGS 


fairly well by grounding all the wires in the cable except those 
used in the test, and 6 can be eliminated from equation (9) as 
will now be shown. 

Referring to Fig. 5, A, A’, А”, and A" represent four good 
pairs. C, D, E, and F represent the split pairs, C and F being 
connected correctly, D and E being cross-connected. The 
capacity between the wires of the individual pairs А, A', A", 
and A” should first be measured and the average taken as the 
value of a. It is not absolutely necessary to take just four 
pairs, but enough should be measured to insure a good average 
result. | 

Аз in the case of telegraph cables, we will let the capacity 
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Now by referring to Fig. 5 we can say that the capacity 6 1$ 
equal to the capacity C E throughout the distance x added to 
the capacity C D throughout the distance y. Now аз а is the 
capacity of a pair we can say that a equals the capacity C D 
throughout the distance x added to the capacity C E through- 


out the distance y. This gives the relation b = с+4—а. Sub- 
stituting this value of b in equation (9) we get 
TABLE 11 
RE: АТІУЕ CAPACITIES = R iN Fic. 1. 
Test Fault Fault Fault Fault Fault No. 5 Fault No 6 
between No. No. 2 No. 3 No. 4 
wires 
т т т т т п т n 
A 555 523 52 554 827 827 827.5 826.5 
А’ 537 530.5 940 576 532.5 833 839 838 
А’’ 538 519.0 618 589 837 838.5 848.5 846 
А, 536 547.5 592 566 830 830 831.0 829.5 
Average a 541.5 530 569 571.2 831.6 832.1 836.5 835 
CD 505 472 466 478 681 710 762.5 770 
ЕЕ 468 485 504 498 686.5 716 766 773.5 
Average с 486.5 478.5 485 488 683.7 713 764.3 771.8 
СЕ 497 469 469 479 756.5 764.5 679.5 714.5 
ED 466 480.5 490 402 747.5 756.5 674.5 707.5 
Average d 481.5 474.8 479.5 485.5 752 760.5 677 711 
TABLE IV 
Calculated distance Average error 
Length Actual to fault in fcet 
No. of of distance 
fault cable to Other wires | Other wires [Other wires [Other wires 
fault not grounded| grounded [not grounded] grounded 
No. 1 586 ft 293 ft. 305.6 === +12.6ft. — 
No. 2 586 ft 293 ft. 303.1 —— 4-10. 1 ft. —— 
No. 3 586 ft 293 ft. 302.3 —— + 9.3ft. —— 
No. 4 586 ft 203 ft. 297.3 === + 4.3ft. === 
№. 5 1155 ft. 433 ft. 404 433.7 —29. ft. 0.7 ft 
No. 6 1155 ft. 759 ft. 797 765 +38. ft. 6.0 ft 
_ (а—а) L (12) 
2a—(c+d) 


Which is the formula to use for a split pair in a telephone 


cable? 


Referring now to Tables III and IV, faults No. 1, No. 2, No. 3, 
No. 4 were purposely made in 585 ft. of 203 pairs No. 19 cable. 
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There were two, three, four, and five pairs respectively between 
the faulty pairs of each fault. It is evident that the farther the 
faulty pairs are apart the nearer correct is the fault location. 
Tests were not made in this case with all the wires except the 
test wires connected to the lead cover, or else a less error in feet 
would probably have been obtained. Faults 5 and 6 were in 
the No. 13 pairs of a combination cable consisting of 15 pairs 
No. 19 and 10 pairs No. 13. 

It is a notable fact that the error in feet is much smaller 
when all the wires not used in each test were connected to the 
lead cover than when all wires were free. 

Some tests were made using a ballistic galvanometer and the 
discharge deflection method and good results were obtained. 
This method would probably be used the most in practice, but 
there are testing sets where the resistance method and a tele- 
phone are used; these are especially suitable for locating faults 
of the kind herein treated. One of these designed by the writer 
is giving good satisfaction in commercial use. 

Conclusions. Sufficient tests are not here given to enable 
anyone to tell how successfully such faults could be located in 
practice, but the writer 1s of the opinion that relatively better 
results might be obtained, because the general average of many 
sections of cable would tend towards capacity uniformity, 
especially in telephone cables. The tests on telephone cables 
here recorded average better than those on tclegraph cables. 
The methods would probably have a wider range of usefulness 
in telephonic than in telegraphic engineering work. 


A paper presented at a meeting of the Pittsburgh 
Section of the American Institute of Electrical 
Engineers, Pittsburgh, Pa.. May 6, 1908. 


Copyright 1908. By A. I E. E. 
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CALCULATION OF THE STARTING TORQUE OF SINGLE- 
PHASE INDUCTION MOTORS WITH PHASE- 
SPLITTING STARTING DEVICES 


ВУ I. Е. HANSSEN 


The starting torque of any induction motor 1$ proportional 
to the product of the main field by the quadrature field, hence 
to the product of the main electromotive force by the quadrature 
electromotive force. The starting torque of a single-phase in- 
duction motor with a phase-splitting starting device can, there- 
fore, be predetermined if the electromotive forces at the 
terminal are known. 

If we have a Y-connected motor, we first calculate the starting 
torque which the motor would develop on a three-phase circuit; 


in this case the above product is „УЗ and the area of the 


LJ 
* 


1 where e 15 the terminal 


electromotive force triangle 1$ е? 


voltage. 
The actual torque of the motor on a three-phase circuit 18 


Т. = 2 би Ts 
3 Z 746 
where 
e, = Impressed electromotive force per phase. 


rs = secondary resistance per phase reduced to primary terms. 

Z = Total impedance per phase. 

If the same motor 15 now connected with a resistance reactance 
starter as shown in Fig. 1, the electromotive forces at the ter- 
minals can be found as follows: 

1449 
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Referring to Fig. 2, lay of О А and О B representing the im- 
pedances 2+2, and Z--Z,, respectively. Draw a line in the 
direction О D, the angle B О D being equal to А OC and angle 


e = line e.m.f.; rp == primary resistance per motor phase; 7; = secondary 
resistance per motor phase reduced to primary; r= total resistance per 
motor phase reduced to primary; хр, x, and x corresponding values of 
leakage reactance; Z =r — jx = impedance per motor phase; 2, = r,- јх = 
impedance of one leg of starter; 2,=7,— јх, = impedance of other leg 
of starter. 


E B O to the angle B O C, O C being in the direction of the re- 
sultant of ОА and ОВ. ОЕ 15 than the joint impedance of 
2+2, and Z4Z,. 


1908] HANSSEN: STARTING TORQUE 1451 


Draw O F representing the impedance Z. EF is then the 
resultant impedance of the motor and starter. 

Divide this into the line voltage; this gives the total current, 
which is to be laid off along O D to some convenient scale, 
giving OG; resolve OG into OH and O I, the currents in Z Z, 
and Z Z,. 

Lay off OK = OHXZ and OL = О1Х 2, representing the 
drop in the two motor phases connected to the starter. Lay off 
ОМ = OGXZ, the drop in the third motor phase. 

The triangle KLM now gives the values and the relative 
phase relations of the terminal electromotive force. 

The starting torque on a single-phase circuit 1s 


Т, E area of triangle KLM 
e? V 3 


4 


If the motor is delta connected use equivalent star values and 
proceed as above. 

In case we have a motor wound as shown diagrammatically 
in Fig. 3, Z being the main winding and Z, the high resistance 
starting winding, we first find the starting torque of a two- 
phase motor having two windings like the main winding. 

This is 

2er, 


1» = 7: 746 


Then referring to Fig. 4, lay off О А to represent the ampere- 
turns of the main phase, the direction being such that 


7 
| а 26 
tangent E 

Draw О B = ampere-turns of starting winding, 


x, 
tangent a mE 


Then the starting torque is 


OA х OBsing 


T 02» 
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DISCUSSION ох “ THE DETERMINATION OF THE Economic Loca- 
TION OF SUB-STATIONS IN ELECTRIC RAILWAYS”, AT ATLANTIC 
City, М. J., Jury 1, 1908. 


(Subject to final revision for the Transactions.) 


C. J. Hopkins: On December 15, 1905, a paper was read 
before this Institute on the most economical location of sub- 
stations for direct-current svstems.* Mr. Werner's paper only 
differs from that, as far as I understand it, in its particular 
reference to single-phase svstems. 

Of course, we are all familiar with the form of curves given 
in Fig. 1. I would not criticise the accuracy of the formulas 
presented by Mr. Werner, but I question their general useful- 
ness. As simple as it may sound, it appears їо me that the most 
important feature in working out an electrification proposi- 
tion is the proper consideration and formation of a train dia- 
gram, to represent what the service will be when the electrifica- 
tion is completed. 

In the last paragraph Mr. Werner refers to the use of his 
formulas as obviating the necessity of solution by trial. This 
seems to imply that there might be a large number of solutions 
bv trial necessary if that were the method resorted to, but in 
general there are onlv two or three practical solutions, and as a 
rule they have to be worked out in detail and carefully consid- 
ered. 

The specific purpose of this paper is to develop an equation 
for the number of sub-stations, but I do not believe that such 
a determination is simplified by resorting to any formula of a 
general nature, but rather 15 the result of practical consideration 
and sound judgment. 

Gerard B. Werner: , The paper to which Mr. Hopkins refers 
was typical of the method of solution by trial, by evaluating the 
annual charges for a different number of sub-stations. Now 
the adjustment of the cost of sub-stations and the cost of cop- 
per, considered as an economical problem, is quite definite, and 
mv paper 1s an attempt to develop some formula to obviate the 
trial method. 

The economic condition of the secondary distribution, whether 
it can be executed in the actual lavout of the road or not, should 
be determined as a basis of reference. This consideration is 
the primary intent of the paper, and not the substitution of a 
formula for judgment for the handling of engineering problems 
of this character. 

To the best of my recollection, Mr. Lincoln made a contribu- 
tion to the proceedings of the International Electrical Congress 
in St. Louis in 1904 on a similar subject, and I have no doubt 
that he has some comment to make on this topic. 


* ' Some Considerations Determining the Location of Electric Railway 
Sub-Stations,’’ by С. W. Ricker, Transactions A. I. E. E., Vol. XXIV, 
p. 1097. 
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Р. М. Lincoln: I have not much to add to the discussion, 
although I have given this matter considerable thought. I am 
rather inclined to agree with Mr. Hopkins in his suggestion, that 
after having worked over this matter with a whole lot of for- 
mulas, the actual locating of sub-stations is not so much a 
matter of manipulation by formulas as it isa matter of judgment. 
It is safe to use the location obtained by formulas only when 
no other location is dictated by common sense. 


— 
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DISCUSSION ON ‘‘ COMPARATIVE TESTS OF LIGHTNING PROTEC- 
TION DEVICES ON THE TAYLOR'S FALLS TRANSMISSION Sys- 
ТЕМ ", AND '' STUDIES IN LIGHTNING PERFORMANCE, SEASON 
1907." New York, May 19, 1908 

(Subject to final revision for the Transactions.) 

H. W. Buck: The valuable data presented to-night include 
the most comprehensive and svstematic record of lightning dis- 
turbances which has been presented to this Institute. In the 
old davs of electrical transmission most of the trouble we had 
to cope with was due to the station apparatus itself, as the 
insulation of the lines was relatively high. As line voltages lave 
risen with the progress of the art, the insulation of station ap- 
paratus has risen in proportion. Presumably lightning stresses 
have remained constant, so that at the present time we have 
insulation in our stations which perhaps on the high-voltage 
transmissions is high enough to withstand the original lightning 
surges, and the troubles seem to be shifting out upon the line 
itself. I think that this is the most noticeable feature of this 
paper. J uring the storms spoken of in the paper, many insu- 
lators were shattered, poles were shattered, and some cross- 
arms burned, and so on, and yet only one transformer bushing 
was damaged within the station. 

It has conclusively been shown that these line troubles have 
been reduced by means of the overhead ground-wire. It is 
not only shown in this particular system, upon which we have 
the record to-night, but the experience over all this country 
with transmission lines, where the overhead ground-aire has 
been installed, shows similar. corroborative evidence. There 
are perbaps three functions of this overhead ground-wire: it 
takes the direct stroke and it allows the induced charge to accu- 
mulate on the ground-wire instead of accumulating upon the 
transmission wire itself, so that when the cloud which induced 
this charge discharges itself through a lightning flash the corre- 
sponding charge of opposite polarity on the ground-wire can 
discharge itself through the ground connections on the pole, 
instead of having to spill over the insulators. Another impor- 
tant function of this overhead ground-wire consists in shielding 
the transmission wires from induced potentials between phases, 
due to neighboring lightning discharges, which are presumably 
of high frequency. The guard wire forms one side of the cir- 
cuit and the ground the other, so that we really have a short- 
circuited shield against induction on the transmission wires— 
the ground and the shield wire being connected Бу electrical 
connections. If this theory is correct, it would seem to be a 
decided advantage to have two overhead ground-wires rather 
than one, a connection being made between these two shield 
wires at every pole. Then we should have a shielding effect 
in the vertical plane and also in the horizontal plane against 
induced potentials, between the phases in the transmission 
wires. These short-circuited locps in fairly, close proximity 
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to the transmission wires might represent some induced loss on 
the normal frequency of the transmission system, but I doubt 
if it would be enough to be verv serious; whereas at the frequency 
of the lightning discharge the possible induced current might 
be high and give a decided shielding effect to the transmission 
wires. 

The evidence of the spilling over of accumulated charge in 
the insulators seems to show that the actual magnitude of the 
momentary current in this ground-wire is very large. I think 
it would be interesting if some form of current-recording device 
could be installed experimentally in some of these guard wires, 
in order to give an indication of the magnitude of the currents. 
It would seem that along transmission lines there might be 
installed in circuit with the guard wire a crude form of ballistic 
galvanometer, which would give a record of the maximum cur- 
rent flowing in the guard wire during a storm. It would tend 
to indicate what conductivity ought to be established in these 
shield wires to take care of discharges, and would give valuable 
records. 

It is quite noticeable from the records of this paper that 
lightning storms follow certain well defined paths throughout 
a region. There seem to be certain sections of the line which 
have borne the brunt of the lightning discharges; whercas 
other sections of the line have been practically free from trouble. 
I think that this accords with the experience of the Weather 
Bureau, in showing that lightning storms tend to progress along 
certain well-defined topographical paths. The frequent shat- 
tering of insulators as shown in these records indicates the de- 
sirability of developing some form of insulator which could 
withstand such a stress. The problem is a mechanical one, to 
get some material that can withstand the sudden application of 
the heat of an arc without it resulting in the insulator being 
shattered. It is not so bad to have a momentary short-circuit 
on a system, provided it blows itself out and leaves the insulator 
in comparatively good condition, but if every time a spill-over 
takes place the insulator is going to be destroyed, the operative 
difficulty becomes a serious one. 

The horn arrester seems to have assumed a very important 
function in coping with the lightning problem. It 1s cheap and 
easy to insulate, and it can be put out of doors and withstand 
heavy rains without the insulation being impaired. It can 
also withstand very violent fireworks without the destruction 
of any valuable apparatus. In conjunction with the develop- 
ment of the horn arrester the problem of a good form of resist- 
ance is brought up. It seems to me that no really satisfactory 
form of resistance has yet been developed. The water rheostat 
is satisfactory under some conditions, but it 1s bulky and in 
cold weather there is trouble from freezing. А resistance ought 
to be developed which can withstand frequent discharges and 
which can carry without destruction, for periods of several 
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consecutive seconds, a large dvnamic current from the genera- 
tors. With a resistance of this kind, sufficient surge current 
could flow to ground without necessarily shutting down the 
System. 

It is interesting to note in this paper that certain discharges 
have been noticed on the secondaries of the transformers. 
This accords with my experience and with that of other engi- 
neers with whom I have talked. 1 have known of several in- 
stances where overhead lines pass through transformers into 
underground cable svstems, where cable punctures have re- 
sulted simultaneously with thunder storms along the overhead 
lines. This indicates а possible necessity for having lightning- 
arresters of some form on the secondaries as well as on the pri- 
maries of the transformers, and I have noticed in this Tavlor's 
Falls installation that there are such static dischargers on the 
secondarv circuits, 

It is also interesting to note that the tell-tale papers in shunt 
with the test choke-coils on the line have been punctured. 
This certainly indicates that choke-coils act as barriers to the 
progress of these lightning surges in spite of the fact that this 
has been disputed so many times. It is evident that choke- 
coils are a decided protection where thev are installed. 

In general, I believe that with steel construction adopted 
throughout a transmission line so as to eliminate the burning 
and shattering experienced in wooden construction, and with 
one or more guard wires installed along the line and over the 
transmission wires, that most of the serious lightning troubles 
on overhead lines will be eliminated. 

P. M. Lincoln: In Figs. 11 and 12, Mr. Vaughan shows a 
number of curves the ordinates of which purport to give the 
static stress upon the insulators. I am not convinced that 
they do represent stress on those insulators. The ordinates of 
these curves are taken as the diameters of holes which were 
punctured in the tell-tale papers, and from that diameter is de- 
duced the stress upon the insulators. I doubt whether the 
diameter of a puncture in the tell-tale paper 1s an indication 
of stress which 1s on the insulator; I think it an indication of 
the current that has passed through that tell-tale paper. The 
current may have come from a lightning stroke, but more likelv 
it has come from the passage of the dynamic current. 

J. F. Vaughan: The question of interpretation and graphic 
representation of these tell-tale papers is open to discussion. 
It has been given a good deal of thought in the preparation 
of the curves. The curves are drawn up to show graphically 
or pictorially the differences in stress on the insulators, spill- 
overs of static and dynamic discharges, and the scale assumed 
in plotting the curves is intentionally exaggerated in the lower 
ranges to facilitate comparison of the smaller punctures. The 
curves should be interpreted in the liberal spirit ш which they 
were plotted; that 1s, as a general indication (as accurate as 
possible) of the relative activity of disturbances in each case. 
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P. H. Thomas: These papers differ from most lightning- 
arrester papers in that they are a simple record of practical opera- 
ting results and not a compilation of theories. What is most 
needed in the studv of the lightning problem is not so much 
theory and speculation as sufficient data and knowledge as to 
exactly how lightning affects а transmission line, so that an 
intelligent design can be made of protective apparatus, and so 
that the action. of such apparatus can be properlv judged. 
These papers go a long wav toward showing the nature of the 
attack of lightning on the high-tension transmission line. Of 
course the data here recorded are not necessarily tvpical of all 
lines, but they indicate in a general way what тау be expected 
to happen. 

The interpretation of these punctures in the tell-tale papers 
is important. И will be found on examining the data that one 
storm occurred when no generator potential was on the line at 
all; in another case the potential went off in the carly part of 
the storm. In these storms, then, at least during the major 
part of them, there was no actual generator potential on the 
line. The punctures in the tell-tale papers were just as severc 
during these times when there was no generator connected with 
the line as at any other time. Most of the punctures show, 
on examination, that the fibres of the paper are unburned 
even when large holes appear, showing them to be purelv static 
discharges. In other words, the holes in the punctured papers 
are simple records of the static passing over the line. | 

I have not counted the total number of so-called spill-overs, 
but there must be hundreds of them. These are cases where a 
static discharge has passed over the wire to the pin.from the 
surface of the insulators and not a capacitv current to the pin. 
Only a small percentage of these spill-overs have injured insu- 
lators. 

It is interesting to know that there has been very little dis- 
turbance of any serious character at the stations. Мг. Buck 
draws the conclusion that it is because the insulation of the 
station apparatus has been raised in relation to that of the line. 
It seems to me that the reason for the relative immunitv of the 
stations is that the action 1s entirely local, the attack of the 
discharge being so sudden that it cannot pass more than a very 
short distance along the line. It is not of sufficient energv to 
cause any very great disturbance unless it should start an arc 
from the generator. It has been frequently assumed that the 
high potential on the line wire, due to lightning, 1$ the release 
of a charge. This may be true, but I think the evidence points 
the other мау. This 15 a matter which ought to be studied. 
The evidence suggests more strongly, it seems to me, the direct 
jumping to the line wire of electrical energy direct from the 
atmosphere and not the drawing of the charge from the ground. 

V. E. Goodwin: The papers presented this evening are of 
special interest to me as I lived several years in Minneapolis 
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and am quite familiar with the nature and severity of the light- 
ning storms in that vicinity. I also inspected the Taylor's 
Falls system with Messrs. Vaughan and Neall during the pre- 
liminary testing of the line and protective devices. I was 
then of the opinion that it would be difficult to draw definite 
conclusions from the results they would obtain, as the system 
was so completely equipped that it would be impossible to 
differentiate the protective values of the various devices. I 
now believe that the papers presented to-night show conclusively 
that reliable data have at last been obtained on the effects 
of lightning on a transmission system and on the relative values 
of various types of overhead ground-wires. 

The phenomenon regarding direct strokes of lightning on 
transmission lines mentioned by Mr. Vaughan has been re- 
ported on several other systems. Опе would naturally think 
that a line would be more subject to direct strokes after the 
wires are up than before. It seems probable that where the 
wires are up the charge dissipates over several insulators and 
poles and therefore does not splinter or burn the poles. I 
therefore question the ability of an investigator to determine 
from tell-tale papers whether a disturbance results from a 
direct or induced stroke of lightning. 

The magnitude and intensity of many of the strokes indi- 
cated in these records give us a good idea as to what is required 
of a station lightning-arrester. The records indicate that the 
station arrester did not have sufficient discharge rate to relieve 
the line at those points, thus causing the horn arrester, which had 
a higher breakdown point, to discharge. In designing the latest 
types of arresters great care has been-taken to avoid all series 
resistance and to increase the discharge rates. This feature 
has been thoroughly carried out in the aluminum type electro- 
lytic arrester, by the use of large plate area and an electrolyte 
of very low specific resistance, thus giving low internal resist- 
ance and a maximum discharge ability. 

It is interesting to note that many of the induced strokes 
on the Tavlor's Falls line were highly concentrated and often 
of great intensity and volume. This 15 indicated by the storm 
of July 4, where one puncture 1.75 in. in diameter was recorded. 
The absolute protection of a line under such conditions becomes 
a very difficult problem. It is evident that one or two overhead 
ground-wires are of considerable assistance in shielding the line 
wires, but at best can only be of partial protective value. The 
problem of line-type lightning-arrester for this purpose in- 
volves the installation of several arresters per mile, and this, 
of course, is prohibitive in any transmission line of over 2300 
volts. The only case where such arresters can economically 
be installed is at an exposed point, where experience indicates 
that the expense is warranted. 

The Tavlor's Falls tests indicate that during every storm a 
great many insulators spilled over without any resultant dam- 
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age to the insulators or interruption to the service. I believe 
that the only means of entirely protecting an overhead power 
circuit lies in the development of an insulator which will not 
puncture, and, while having a fairly low spill-over, will not 
shatter. This perfection in the petticoat type of insulator is 
probably out of the question, but I believe it can be attained 
by a properly designed and proportioned insulator of the sus- 
pension or straw type. Such an insulator would be the equiva- 
lent of a line arrester at each pole or tower on the line. 

E. E. F. Creighton: The two additional subjects I wish to 
discuss are the interpretation of tell-tale papers and the use 
of resistance type of horn arresters. The conditions which 
muddle the tell-tale records are: first, the impression of several 
static discharges on each paper before they are removed; sec- 
ondly, the complete destruction of the static puncture holes 
by dynamic current. A fraction of an ampere of dynamic 
current for a half cycle of the generator wave is sufficient to 
destroy the static record. The authors were fortunate in ob- 
taining records on an idle line. It may be suggested to those 
who are willing to aid in collecting data on this subject that the 
only data of great value in the study of lightning potential 
should be taken on an idle line, and furthermore should be col- 
lected on moving tapes by clockwork so as to separate the 
punctures due to each cloud discharge. 

The value of the resistance type of horn arrester for dis- 
charging lightning increases as the value of series resistance 
decreases. On the other hand, the disturbance that one of 
these arresters may cause on the line increases as the series 
resistance is diminished. The menace resulting from a dis- 
charge through one of these arresters to ground may be either 
one of two effects, or both. First, the arrester may take suffi- 
cient current to overload the circuit-breaker. Opening switches 
under overload conditions should be avoided as much as pos- 
sible, to say nothing of the interruption of service. Secondly, 
if the resistance is sufficient to prevent overloading, there may 
be a menace to the insulation by the operation of one phase 
only, especially on an insulated neutral system. It requires 
about one to two seconds at best for the arc to rise on the horns 
and go out. During this interval the arc varies from a short 
length to a very long length, and if there is a possibility of set- 
ting up a surge on the system this arc is most likely to produce 
the condition. On any particular system these arcs may occur 
repeatedly with impunity, whereas on another system the surge 
_ conditions will be such as to cause a destruction of apparatus 

on some other part of the system. To illustrate this two ex- 
amples are herewith given. 

On a 17,000-volt, 60-cycle, delta-connected system a single 
gap in series with enough resistance to limit the current to 
0.5 ampere was connected between line and ground. Even 
with this high resistance all five of the arresters in the station 
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on thrce feeders discharged continuously so long as the arc 
plaved across the gap to ground. А lightning-arrester of so 
limited a discharge would have little practical value, yet the 
surges caused by the discharge assumed dangerously high 
values. | 

As а second example, it is a common occurrence on cable 
svstems to have several failures of cables after one has taken 
place, due, probably, to the surges set up during the first failure. 

If one goes back over the history of the use of horn gaps 
with series resistance, the hope 15 alwavs held out that an 
operator will finally obtain the right adjustment of resistance 
to give excellent protection without a resulting interruption of 
service. This has never been accomplished; and I think it can 
be shown that it never will be. 

If we did not have the aluminum arrester it would be worth 
while working out the best conditions for the resistance horn 
gap arrester. А comparison of the two will show the limitation 
of the resistance horn type and the uselessness of the develop- 
ment. At 60,000 volts every ampere of discharge represents, 
roughly, 60 kw. per phase, or 180 kw. If an arrester will not 
discharge 100 amperes, I think it will not take the usual run 
of heavy discharges. With this rated discharge the generator 
would be called upon to furnish 18,000 kw. Оп the other 
hand, if an aluminum arrester is used, the energy taken from 
the generator will be less than 20 kw. and the rated discharge 
of lightning will be several hundred amperes at the same ab- 
normal value of potential. The valve action of the aluminum 
arrester prevents almost entirely the flow of dynamic current 
at normal potentials and has a free discharge only at normal 
potential. This information is sufficient to show the futility 
of using the resistance tvpe of horn gap arrester. 

Furthermore, the current taken by the aluminum arrester 
from one phase to ground is leading, the same as the capacity 
current of the Ппе or cable, and consequently one phase may 
атс continuously between line and ground without setting up 
surges on the system. It should be noted that the aluminum 
arrester actually maintains the voltage and thus prevents 
grounding the line conductor. | 

President Stott: In listening to the discussion, I recall the 
experience of eleven vears ago with the Niagara transmission 
lines. Гат not certain whether this was the first line equipped 
with overhead ground-wire, but at all events it was so equipped 
when it started. After a few months experience with the over- 
head ground-wires it was decided to take them down, as in the 
choice of two evils the lesser one seemed then to be the troubles 
due to lightning. This was due to poor material in the ground- 
wires themselves, as they were continually breaking and short- 
circuiting the lines. Now eleven years after, we hear that as 
the result of a most elaborate series of tests and investigations, 
the ground-wire gives the most certain protection. In a prac- 
tical way there is every reason why it should. No one ever 


1908] ^ DISCUSSION АТ NEW YORK 1461 


heard anywhere of an underground cable being struck by 
lightning. That means that if the ground itself is above the 
conductor the line is safe. We cannot possibly afford to put 
all transmission lines underground. А 60,000-volt underground 
transmission line two hundred miles long is absolutely impos- 
sible from a financial or commercial standpoint; but instead of 
putting the wires underground, we can in effect put the ground 
above the wires. The most perfect protection will be gotten 
where we have the most perfect network of ground-wires above 
our conductors. I think everything said to-night points to 
that fact. 

Now to avoid ordinary troubles there must be a high factor 
of safetv in all apparatus. "Troubles with underground cables 
are almost unknown outside of mechanical damage and faulty 
joints, and the reason is that those cables are made with an ex- 
tremely high factor of safetv; for instantaneous voltage it is 
five; for continuous service, two. Just as it is with a human 
being, if а man is in а weakened condition every few germs 
that come along will give him a new disease; but if he is strong 
enough they won't affect him at all. We have got to make our 
system germ-proof, as it were, and have a very large factor of 
safety on the insulators. That, and the ground-wire, I think, 
is going to be the solution of our overhead transmission work. 

J. F. Vaughan: I am sorry not to hear more discussior on 
the interpretation of tell-tale papers, as there is plenty of 
material for discussion. It is rather surprising that with the 
necessarily crude methods of measurement used there are not 
more apparent inconsistencies in the results. For instance, 
the three wires grounding the three pole pins through individual 
tell-tale spark-gaps are not more than a few inches apart and 
are mounted on porcelain knobs only, which might be expected 
to allow disturbances of such intensity as have been indicated 
by the papers to break across from wire to wire. This fact 
brings out one point which has not been touched on, and that 
is the lack of pronounced phase-to-phase disturbance, indicating 
that the main stresses which are between wires and ground do 
not greatly differ in the three wires. 

N. J. Neall: I wish to emphasize again the points which I 
` have made about insulators. According to the theory which 
I have advanced in my paper, suspended-type insulators would 
be subjected by lightning to greater disturbance locally than 
any insulator so far used for lower voltages, because I am as- 
suming that there is no special overhead protection at all, 
and am taking the broad case. If the transmission wire takes 
this lightning charge, the charge must get to the ground some 
way or other, and the onlv place at which it could do so would 
be presumably by way of the insulator support. Тһе sus- 
pended type insulator has not come into the Taylor's Falls 
problem, and we have no data respecting it; but if insulators 
could be studied with reference to the equivalent spark-gap we 
should probably find certain explanations of the phenom non 
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at which we can now only guess. I think that is a point on 
which the Institute should have the fullest possible information, 
if not from a practical reason, certainly in connection with the 
advancement of the art, and, perhaps, indirectly, of the science 

V. D. Moody (by letter): In a paper presented at a recent 
meeting of the Institute,* Messrs. Rushmore and Dubois re- 
commended for insulator protection steel rods with ends pointed, 
bolted to the vertical members of the towers and projecting 
above the highest point of the line. This method of protection 
was freely criticized, but my experience 15 that this type of ar- 
rester is highly valuable. 

Several vears ago this type of arrester was used on the Winni- 
peg hydroelectric installation at Winnipeg, Canada. The trans- 
mission line was 65 miles long, delivering about 20,000 h.p. at 
60,000 volts, 60 cvcles. From the power house to the sub- 
station duplicate transmission lines of No. 00 B. & S. hard-drawn 
cable, with a hemp centre, were run in duplicate on steel towers. 
This line crosses the Winnipeg river with a span of about 760 ft., 
on towers 72 ft. high, each weighing about 6 tons, with a sag 
in the line of about 23 ft. at 50 degrees. The standard towers 
are 40 ft. high weighing about 2400 lb., spaced 500 ft. apart 
with a sag of about 14 ft. at 50 degrees. There are four railroad 
crossings. At Winnipeg, this line crosses the Red river with 
a 1100-ft. span, the towers are 105 ft. high with a line sag 
of 45 ft. at 50 degrees. These towers weigh 15 tons. The rail- 
wav and river crossing towers are on concrete footings, and 
are grounded with a ground plate. This transmission line has 
10 complete transposition spirals and is paralleled by a tele- 
phone line of No. 8 B. & S. hard-drawn copper wire on porce- 
lain insulators on the towers. The telephone line was transposed 
at each tower. "The telephone line and transmission line insu- 
lators were made of the same kind of porcelain. 

On all of these towers this steel-rod type of horn arrester 
was used. In operation it was found that the protection af- 
forded was extremely valuable, as none of the high-tension insu- 
lators was punctured in several very severe lightning storms. 
In this country the storms are very severe in the summer 
months. In one instance five miles of telephone line was 
knocked down and insulators broken without breaking any of 
the line insulators, although the effects of the storm were felt 
in the sub-station bv the throwing out of synchronism, mo- 
mentarilv, the SOO kw. motor-generator sets. 

This hne has now been in operation since June 1906, and has 
never had a shutdown. Аз the storms have been severe, I 
feel assured that these arresters are doing good work, as this 
is the onlv protection on this line. 

It appears to me, that this tvpe of arrester with a. ground- 
wire and multigap station arresters with choke-coils will afford 
protection that can be relied upon. 
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HIGH-POTENTIAL UNDERGROUND TRANSMISSION 


BY Р. JUNKERSFELD AND Е. О. SCHWEITZER 


Among the many electrical developments of the day the 
most striking one, the most far reaching in its direct and in- 
direct results, is the successful transmission of energy at greatly 
increased pressures. From present indications systems opera- 
ting at potentials of 100,000 volts and over will not be uncommon 
in a few years, and none dare prophesy what further increase the 
future has in store. What this means to many communities 
from an economic and sociologic standpoint can readily be 
appreciated. Cheap power will enable present industrial com- 
munities to improve and new ones to build up in pleasant 
localities many miles from its source, whether coal or waterfall, 
and cheap traction will quickly carry their wares to market. 

Within the confines of the largest cities the conditions are 
sometimes such that it is not advisable to carry these high po- 
tentials overhead. In such cases it may be necessary to place 
the conductors underground. The limitations of insulation 
and size have kept the transmission voltage for underground 
cables at about one-third that of overhead transmission, and 
while there has been a considerable advance in the art the 
approximate ratio of 1 to 3 seems still to be maintained. How- 
ever, in large systems of underground transmission, insulation 
and size are not the only cable limitations. The line constants 
may become such that the cable is frequently subjected to 
dangerously high potentials. It therefore becomes advisable 
carefully to study the system so as intelligently to provide con- 
ditions for reliable service. 

This brings us to the subject of our paper in which we shall 
discuss high-potential underground transmission with a view 
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of pointing out some lessons taught by experience and tests and 
of suggesting further investigation and discussion. It 1s not the 
intention to discuss cable manufacture or in any detail the in- 
stallation or protection of underground cables, as these matters 
have already received careful and thorough attention in other 
Institute papers. Nor is this paper in any wise to be an argu- 
ment for undcrground transmission as against overhead trans- 
mission. Conditions are frequently such that overhead trans- 
mission 1s the only practicable method. The increasing use of 
very high potentials is tending to raise the boundary between 
high and low tension, but at the present time the dividing 
line is still generally accepted as 5000 volts. 

Typical large cable system. This paper will, therefore, not 
deal with experience at pressures lower than 5000 volts. 
А typical system using high-potential underground transmission 
extensively is that of the Commonwealth Edison Company of 
Chicago and its experience will be cited principally. The sys- 
tem is fairly well known, having been described in more or less 
detail in Institute papers and discussions and in the electrical 
press. Suffice it to say that at present (September, 1908) the 
system consists of two generating stations (a third 1s in process 
of erection) with a maximum capacity of about 18,000 kw. 
and 100,000 kw. respectively, sixty-six 9000-volt, three-phase, 
transmission lines aggregating 272 miles, supplying forty-four 
sub-stations containing synchronous converting equipment 
almost exclusively. Three additional sub-stations and 68 miles 
of additional 9000-volt cable are now under construction. 

There 15 also a 20,000-volt line eleven miles long connected to 
the 9000-volt system through step-up transformers and feeding 
railway and frequency changer sub-stations located in an outer 
or suburban zone. Forty-four miles of additional 20,000-volt 
underground lines are under construction, which will bring the 
total up to fifty-five miles. The entire cable system 1s shown 
in Fig. 1l. This 20,000-volt system will be permanently supplied 
from 5000 kw., three-phase, step-up transformers connected 
delta to star with the neutral grounded. The standard size of 
20,000-volt cable is 00, and of 9000-volt cable 0000 and 250,000 
cir. mils. The 340 miles of 9000-volt cables supplying the 
densely populated inner zone form a so-called '' radial system: "| 
while the 55 miles of 20,000-volt cable when completed will 
form two so-called '' ring systems ", one supplying the more 
sparsely settled outer zone northward and the other southward. 
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The radial and ring systems are shown diagrammatically in 
Fig. 2. The principal station (Fisk St.) is equipped with steam 
turbines exclusively, four with a maximum capacity of 7500 kw. 
each and six of 12,000 kw. each. The generators are all star- 
wound and the neutral 15 grounded. 

In February 1902 the 25-cycle, three-phase system of about 17 
miles of thrce-conductor cable and seven synchronous converter 
sub-stations was raised from 4500 to 9000 volts, the equipment 
and cable having been installed with this change in view. This 
transmission system was first put into service in August, 1897. 
The greater part of the cable at the time of the change to 9000 
volts was 00, some 0 and about one-fifth of 0000 size. The insu- 
lation on the original 4500-volt cables consisted of 5/32 in. inner 
wall of paper around each conductor and an outer wall 3/32 in. 
thick surrounding all three. "The thickness of the lead sheath 
was $ in. In the 9000-volt cable the thickness of the paper 
insulation was finally standardized at 6/32 in. and 4/32 in. 
respectively. The increase per year in mileage of cables opera- 
ting at 9000 and at 20,000 volts is shown in Fig. 3. 

Other early cable systems. Some of the high-tension cable 
systems in operation or under construction in 1807, when the 
transmission system in Chicago was first put into service 
at a lower voltage, were the following: Brooklyn Edison 
Company, 6600 volts (1897); New York Edison Company, 
6600 volts (1898); Niagara Falls Power Company in Buff- 
alo, 11,000 volts at end of overhead line (1897); the Metro- 
politan Street Railway, New York, 6600 volts; Twin City Elec- 
tric Company of Minneapolis, 12,000 volts (1808). Soon after 
came Manhattan Railway, New York, 11,000 volts; Providence, 
Rhode Island, 12,500 volts; Milwaukee, 13,200 volts; and St. 
Paul, 25,000 volts (1901). The cables of the St. Paul Gas Light 
Company were two in number and formed the receiving ends of 
two parallel 25,000-volt, three-phase, overhead transmission 
lines 30 miles long. Each cable was about three miles long; 
one had rubber insulation and the other paper. Cable manu- 
facturers at that time generally offered to make cable to with- 
stand 30,000 volts pressure for individual lines, but for a net- 
work about 15,000 volts was considered the safe Пти. About 
a year later this limit had apparently advanced to about 22,000 
volts.* The insulation used on these various cables might be of 
interest and is given in Table 1. 


* Fisher, А. I. E. E. Trans. 1903, page 440. 
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Fic. 2.—Diagram of 9,000-volt radial system and 20,000-volt ring sys- 
tem showing number of lines and sub-stations in each zone. 
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Experience. The early experience in Chicago and elsewhere 
showed the necessity for avoiding sharp bends and for using 
extreme care in making the splices. А small number of burn- 
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outs occurred during the first year’s operation at 9000 volts, 
and nearly all were due to sharp bends or to moisture at the 
joints. In order to determine how quickly moisture in a cable 
causes a breakdown, after it has entered through an opening in 
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the sheath, in 1903 Mr. Burch* of Minneapolis made some in- 
teresting experiments. He found that it usually requires from 
a day to a week for the moisture to work down sufficiently to 
cause a burn-out. Paraffine had up to this time been used at the 
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joints and in the terminal bells, but being hygroscopic in effect, 
due to voids left after cooling, it was not satisfactory at the 
higher voltage. About this time some of the engineers of the 
company, after considerable study and experimentation, de- 


* Burch, A. I. E. E. Trans. 1903, page 433. 
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veloped a high-grade insulating compound which since then has 
been used exclusively on all high-potential work. 

The splices are made up with great care and the compound 15 
poured into the sleeve at a temperature of 150° cent. in a manner 
to exclude all moisture. The success of this work is evidenced 
by the fact that there have been but two failures in splices 
during the last five and one-half years and there are now some 
3400 splices in the high-tension system. The compound-filled 
terminal bells were formerly made of brass cylinders with a 
cast-brass base, a substantial ground connection being made at 
the base. On some recent work a few bells made of a special 
impregnated concrete have been used with very satisfactory 
results. The proper protection of cables against damage due to 
burn-outs of adjacent cable has received considerable atten- 
tion, and all cables in manholes are covered with split vitrified- 
clay tile cemented in. Entirely separate duct lines either on 
different streets or on opposite sides of the same street are pro- 
vided so as to divide the energy along different routes when 
possible, so that all important sub-stations have at least two 
lines, each of which follows a different conduit route. 

Semiannual potential tests were made at the beginning but 
were discontinued when the system became more extensive. The 
danger and liability of accident from these frequent high-poten- 
tial tests were thought to more than offset the doubtful advan- 
tages derived. Since then testing has been limited to new, 
altered, or repaired cable which before being put into service is 
subjected to a test of double working voltage for one minute. 

The record of cable trouble (Table II) for the last five 
and one-half years’ operation shows that failure of cables thus 
far has really not been a very serious matter. The line pro- 
tective devices are now so perfected that a cable burn-out 
causes little disturbance. Of the total of 44 cases recorded in 
the table only 4 seriously disturbed the system, and each one 
of these was aggravated by faults in the protective relays. We 
believe that these faults have now been eliminated. The records 
of other companics have also been reported as good. Thus 
the New York Edison Company' in the nine years (1898 to 1907) 
during which its cable system grew from three to 200 miles had 
a total of 66 burn-outs of which 38 were due to external causes, 
18 at or in splices, 4 in bends, and 6 in the cable proper. The 
Cataract Power & Conduit Company of Buffalo? had a total 


1. Torchio, A. I. E. E. Trans. Dec. 1907, page 1711. 
2. W. S. Clark, А. I. E. E. Trans. 1906, page 209. 
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of four burn-outs in seven years (1899 to 1906) on 12 miles of 
three-conductor rubber-covered cable operating at 11,000 volts; 
two were due to mechanical injury, one in a splice, and one in 
the cable. The rubber surrounding each conductor has a thick- 
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ness of 9/32 in. and there is no overall jacket. The rubber 
shows no deterioration. Mr. Mershon? mentions four three- 
conductor cables each about two-thirds of a mile long operating 
at a pressure of 22,500 volts on which there had been but one 


3. Mershon, A. I. E. E. Trans. 1904, page 610. 
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case of trouble in three years and that at а poorly made splice. 
The terminal bells on these cables are made of hard rubber. 

On the 20,000-volt line in Chicago, which has now been in 
service about 15 months and which was an initial installation 
at this higher pressure, there have thus far been a total of 4 
burn-outs, one of which was due to a mechanical injury, one to 
moisture in a poorly made joint, and two were in the cable itself. 

Investigations. Ц will be seen, therefore, that the experience 
with high-potential cable has not been such as to cause alarm. 
The most frequent sources of trouble are from without, and of 
these electrolysis is apparently the most persistent. However, 
with rapidly growing systems the destructive effect and danger 
of breakdowns tends constantly to increase, and it becomes 
advisable to forgo complacency for a while and to look into the 
system with inquisitive eyes to see just what 15 going on. 

It was this desire to know more about possible dangerous 
potential rises so that proper safeguards against them could 
be provided, if found necessary, that led the Commonwealth 
Edison Company to undertake a series of spark-gap and oscillo- 
graph investigations, the principal results of which thus far ob- 
tained are described in this paper. А further purpose of the tests 
was to obtain information regarding these high-voltage systems for 
use in their further development. The investment required for 
such 20,000-volt and higher transmission cable system is very 
large; it therefore becomes all the more imperative to know that 
such investment is a safe one commercially. 

Tests on 9000-volt system. About a year ago a series of oscillo- 
graph tests was started on the 9000-volt system to determine 
whether or not resonance existed in any part of it, or if 
dangerous potential rises occurred from any other cause. The 
oscillograms obtained were taken at the Fisk Street station and 
included current and pressure waves for all principal switching 
operations, as well as several for a special cable connection in 
which resonance was sought. None of the records showed any 
appreciable excess voltage. 

These investigations were later continued and expanded but no 
dangerous rises were found. Spark-gaps were installed at four 
different points of the system and their record carefully kept. The 
gaps consisted of needle points in series with which are resistance 
and fuse. They were connected between each phase and ground. 
These spark-gaps showed that there are frequent rises of about 
10% and occasional ones of about 100% which apparently have 
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no connection whatever wth any switching. These occurred 
at the station and also in remote sub-stations. At times of 
cable breakdown, one or more of the spark-gaps invariably 
discharged at double potential’. With grounded systems 
cables break down first between a phase conductor and ground. 
When the protective devices fail to act properly, as they did 
occasionally before recent improvements were made, the arc 
continues until it is communicated to one or both of the other 
phases. The effect on the system 1$ then far more severe. Such 
occurrences were, however, the exception rather than the rule. 
When, during a breakdown, one or two of the spark-gaps dis- 
charge it is on the phase or phases other than the one on which the 
burn-out occurs. Sometimes all three of the gaps discharge 
during cable trouble, but not simultaneously. It is quite 
probable that the potential rises evidenced by these discharges 
are due to magnetic effect in the generators as much as to surges 
in the cables. There was only one case of cable breakdown 
which seemed clearly the result of a surge. During some ar- 
rangements which were being made at Fisk Street station to put 
a potential test on a bus-bar, one of the test leads accidentally 
Came in contact with a live switch stud the door over which had 
been opened. This grounded one phase of the system through 
50 ft. of heavily insulated No. 12 wire in series with the high- 
tension coil of a dead 150-kw. testing transformer. The heavy 
insulation was punctured in a number of places and the entire 
50 ft. of test conductor was vaporized. No other damage was 
done in the station. A few seconds later one of the cables 
burned out at a point about one mile from the station. 

The net result of this investigation indicates that at the present 
time the 9000-volt system is reasonably free from dangerous 
conditions as far as destructive potential rises are concerned. 
It also indicates the advisability of continuing to make tests on 
newly installed or repaired cable at double potential for one 
minute. 

Tests on 20,000-volt line. Attention was then turned to the 
new 20,000-volt line in the attempt to learn what difficulties are 
to be met with there. On the diagram of this line in Fig. 4 are 


1. Double potential when units with no neutral resistance were 
grounded and about 13006 over potential when neutral was grounded 
through resistance (R=2.6 ohms). 


2. June paper A. I. E. E. Chicago, R. F. Schuchardt. 
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The numerals on the oscillo- 
were connected to ground at points marked s.g. These spark 
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grams refer to the corresponding ones of Fig. 4. 


were made for the oscillograph. 
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Five times during this 


During fifteen days A phase discharged eight times, В phase 
period two gaps discharged at the same time (four on P and C 


gaps were first installed in the Evanston sub-station at the end of 
the line and originally set at 1.1 in. corresponding to 21,700 volts. 


five times, and C phase six times. 
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and one оп А and B). All other discharges were on one phase at 
a time. On only one day were there more than one discharge 
per phase, and on that day B and C phase gaps discharged to- 
gether twice, the interval between the discharges being 18 
min. With the exception of a single discharge on А phase, none 
of the discharges could be connected with any switching or 
other apparent source of disturbance. In this single case а 
heavy lightning storm passed over the overhead transmission 
line which is fed through transformers from the 20,000-volt 
line. It seems probable that a static charge passed from the 
line into the transformer and caused the rise which discharged 
on the A phase gap. Fourteen days’ experience with a gap of 
1.15 in. (22,500 volts) showed seven discharges on А phase, 
six on В, and fiveon C. The only coincident disturbances were 
as follows: one discharge оп А phase when a steam-driven 
generator at the Highwood station was “ synchronized’; В 
and C phases discharged together when a steam-driven unit in 
parallel with generator or frequency changer in Evanston 
governed poorly causing heavy cross-currents; one discharge on 
A phase when a steam-driven unit was disconnected at High- 
wood, and one discharge on B phase when steam-driven unit 
was shut down in Evanston. With the setting increased to 1.2 
in. (23,300 volts) there were only five discharges recorded in 
four months, one on А phase, two on P phase alone, and onc 
on B and C phases together. The simultaneous discharge on 
B and C phases occurred during a burn-out of the line, probably 
a breakdown of А phase to ground. One of the B-phase dis- 
charges took place when a connection between the 9000-volt 
coils of the C phase transformer at Division Strect burned out. 
A further increase in gap setting was made to 1.25 in. and left 
for six weeks, during which time А phase discharged when the 
line broke down. В phase also discharged, but the connection 
with a disturbance could not be learned. A final increase to 1.3 
in. was made. This corresponds to 25,000 volts. During three 
months there was one discharge on А phase and two on C phase, 
but here again no cause for the potential rises could be ascer- 
tained. Spark gaps were also installed at the step-up end of 
the 20,000-volt line in the West Division street sub-station 
during a test at that point. They were set at 1.1 in. and during 
the few hours that they were connected each of the phases dis- 
charged heavily at different times. Recently spark-gaps were 
installed at the Calvary sub-station. They are set at 1.1 in. 
and each phase has discharged heavily at times. 
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Ап attempt was made with the oscillograph to determine the 
relation between the potential rises and operating conditions. 
The oscillograph was connected at various times at the three 
switching points of the line and some records were obtained for 
switching operations. Unfortunately the time during which 
the line could be kept out of service for these investigations 
was so limited. that only а few records could be obtained for 
each operation. It 1$ recognized that in such a limited num- 
ber (and especially where, as in most cases, only опе phase pres- 
sure could be recorded) many disturbances may have escaped 
detection. However, many of the curves are of considerable 
interest and may serve to bring out more discussion. А num- 
ber of them are therefore included in this paper. It will be 
noted that none of the oscillograms shows potential rises as high 
as those recorded by the spark-gaps. Had more oscillograms 
been taken, or had all phase pressures been recorded simul- 
taneouslv, higher rises might possibly have been observed. 
However, the function of the spark-gap is clearly to detect high 
potentials, while that of the oscillograph is to show the character 
of the disturbance and its duration. The spark-gap watches 
the line continuously while the oscillograph records occurrences 
for but very brief intervals. 

In the following Figs. the source of energy is always from 
the left, the opening or closing operation being performed on 
switch marked S. There being but one oscillograph and no 
pressure wires available, the records at the different sub-stations 
were not taken simultaneously. The apparatus was set up at 
one place and curves were obtained for the various operations. 
The apparatus was then moved to the next sub-station and the 
operations were repeated. 

Fig. 5 is for closing and opening line No. 501. The current 
wave in the upper curve is the characteristic exciting current 
wave of a transformer when first energized. The logarithmic 
curve due to hysteresis is clearly shown. The dying of the 
pressures in comparatively slow oscillations when the line and 
transformers are disconnected is shown in the lower curves. 

Fig. 6 gives curves for closing and opening line No. 701. A 
record obtained back at Division street for this operation at 
Calvary sub-station 15 given in the upper curve. 

The next curves, Fig. 7, are for closing and opening the 
entire 11 miles of 20,000-volt line from Division street to Evans- 
ton. Curves of pressure were also obtained at the Calvary 
sub-station. 
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Fig. 8 shows curves for closing dead transformers on to a 
live bus-bar. The first rush of current in this case was nearly 
six times full-load current. An interesting curve is the one for 
West Division street showing the duration and amount of the 
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current rush. The curve obtained on opening the switch to 
the transformers 1s also given. 

— Line No. 701 was closed and opened with the transformers 
connected at Evanston and the curves for these operations are 
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given in Fig. 9. Records were also obtained at Division street 
for the closing operation and are shown in upper curve. 

The same operations were performed with the entire 11 miles 
of line, the records being given in Fig. 10. 
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The motor of the frequency-changer set at Evanston is wound 
for 9000 volts, the line pressure being stepped down in three 
200-kw. transformers. In Fig. 11 are shown curves obtained 
when closing these transformers to a live bus-bar. In the 
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upper curve the transformers had previously been demagnetized 
by keeping them connected to the motor while being shut down 
until it had come to rest, the fields being kept excited. In the 
lower curve they had been disconnected at full pressure. The 
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difference in current rush emphasizes the advisability of keeping 
the transformers connected to a dying machine when shutting 
down. This applies also to transformers of synchronous con- 
verter sets. 
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The curves for starting the frequency-changer set from these 
transformers, Fig. 12, show no potential disturbance. 

Two load-curves are given in Fig. 13 taken at Division street. 
The conditions were as follows: upper curve, volts 9000, amperes 
85, kilowatts 600, power-factor 45°; lower curve, volts 9000, 
amperes 105, kilowatts 1600, power-factor 97.50%. 

Fig. 14 shows curves obtained at Evanston when a steam- 
driven generator at Highwood was " cut in " with the linc. 

At the Evanston sub-station there are three 200-watt poten- 
tial transformers connected in star with their neutral grounded 
on both primary and secondary. It will be remembered that 
the 20,000-volt line is grounded solid at the Division street trans- 
formers but at no other point. The oscillograph was placed in 
the neutral connection to ground of the Evanston potential trans- 
formers' primary and a current of 76 milliamperes was obtained, 
this amount remaining unchanged even when a resistance of 
10,000 ohms was placed in series with the ground connection. 
The impedances of the three transformers have not been mea- 
surcd but their load 1s not balanced. In Fig. 15 this current wave 
is shown taken simultaneously with pressure. The wave for 
phase-to-phase pressure shows an unstable condition. A 
summary of the results shown by these oscillograms is given in 
Table 3. 

Conclusions from investigations. From the spark-gaps on 
the 20,000-volt line we learn then that pressure-rises in excess 
of 100°% occur occasionally. The oscillograms thus far ob- 
tained give no clear evidence of the cause, but the cable broke 
down three times ш 15 months—two of these times in the 
cable itself, either as a result of these rises or of weakness 
developed by mechanical stresses imposed upon the cable at the 
tune of installation. This record is reasonably satisfactory, 
as during the first vear's operation we must expect to eliminate 
the weakest points. The second 20,000-volt line which will 
complete this northern ring is being installed at the present 
time. After it is put in service the investigation will be re- 
peated. The spark-gaps are kept in service continuously. ЈЕ 
dangerous potential rises still exist the remedy will be applied 
which, in the form of the aluminum arrester, is fortunately at 
hand. It is therefore quite prudent to state that 20,000 volts 
is a safe pressure for an underground system. Whether a 
higher voltage will be possible is a matter which has received 
and is receiving considerable attention. 

Possible future developments. The awakened interest in and 
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growing demand for a ''City Beautiful " means the ultimate 
removal of smoky chimneys, dirt producing factories, and in 
some cases of overhead lines from within the heart of the city. 
This will increase the demand for a means of economically 
transmitting energy underground in large quantities and in 
many cases for comparatively long distances. When that time 
comes, and the herald has already appeared above the horizon, 
the operating companies will ask of the manufacturer a cable 
successfully to withstand the higher pressures required for the 
Service. 

Another condition which brings about a demand for high- 
voltage transmission 1s the better efficiency at present obtainable 
from large generating units in large stations compared with 
small units in small stations. Recent improvements in turbine 
design are resulting in greatly decreased steam consumption, 
especially for smaller units. With a sufficiently high trans- 
mission voltage, however, it will in many cases be found cheaper 
to generate large quantities in a large station and transmit to 
the distant center where the load is comparatively small than to 
generate in a smaller station at that center. 

Regarding the maximum cable voltage, Mr. E. J. Berg in his 
new book on “ Electrical Energy " (page 50) says: 


99 


With the present state of the art it would not be conservative to use a 


cable at more than say 25,000 volts between conductors although it is 
to be expected that at least with rubber covered cables, or cables with 
insulation of varying specific inductive capacity a much higher voltage 
can finally be used. 

Mr. Н. G. Stott stated in 1906 in a paper on “ Underground 
Cables ",* that in his opinion cable voltages of 44,000 could be 
used provided the neutral of the system were grounded, thus 
limiting the potential to ground to 25,000 volts. Cables have 
been made which in the factory have successfully withstood 
pressures as high as 80,000 volts or more for an hour, but they 
have not yet been made for commercial use at such pressures. 
In the Elektrotechnische Zeitschrift of July, 1907 (page 676) 
appeared an abstract of a paper by de Marchena discussing pres- 
sure limitations for cables in which he made the interesting 
statement: 


As at very high pressures, potential rises are expected to occur less 
frequently than at low standard pressures, the factor of safety could be 


* Read before the American Street & Interurban Railway Engineering 
Association, Oct., 1906. 
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decreased so that cables for a standard pressure of 40,000 volts may be 
manufactured especially for shorter distances. 

It would be of interest to know de Marchena's reason for this 
statement. Messrs. Feldman and Herzog in the Elektrotech- 
nische Zeitschrift for December, 1907 (page 1163) сме many 
cases of cable installations for voltages over 10,000 and some 
over 20,000 and also mention the very severe tests to which these 
cables were subjected. The general subject of high-tension 
transmission by underground cable is ably discussed from the 
manufacturer's standpoint by Mr. Richard Apt, Technical 
Director of the Berlin Cable Works (А. E. С.) in the Elektro- 
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technische Zeitschrift of Feb. 1908 (page 159). Single-conduc- 
tor, concentric, and three-core cables are discussed, as well as 
the relative merits of different insulating materials and of alumi- 
num for single-conductor cables. Mr. Apt prophesies that the 
single-conductor cable for very high pressures is the cable of the 
future. The installation for the County of Durham Electrical 
Power Distribution Co. Ltd., England, where about 40 miles of 
three-conductor cable was put into service for the first time for 
20,000 volts is described. The cable is imbedded in troughs 
filled with an asphaltum compound. Telephone and pilot 
wires are placed under the trough. It is stated that this is the 
method generally employed in England for laying cables. 
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If we interpret the discussions of American cable engineers 
aright, they concur with Mr. Apt in his prophecy regarding 
single-conductor cable. The heating of the dielectric due to 
electrostatic stress with consequent weakening of insulation, 
the critical voltage which no practical thickness of insulation 
will withstand—these and other conditions limit the stress to 
which insulation can safely be subjected. With single-conduc- 
tor cable in a three-phase system the line pressure can thus 
be 4/3 times the maximum safe cablé pressure. А thin wall of 
high dielectric strength is desirable to lessen heating and to keep 
the cable from being too large and too stiff, but then the corona 
effect due to highly concentrated electrostatic stress must be 
considered and guarded against. Asphaltum troughs certainly 
guard against electrolysis and also insulate the lead sheaths of 
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adjacent cables from each other. These sheaths should of course 
be grounded at one end. It is possible that the commercial 
demand for underground cables at voltages from 30,000 to 40,000 
will result in the use of single conductor cable possibly embedded 
in asphaltum. 

With the increasing popularity of all-the-year country life 
and with the spread of communities as mentioned in the be- 
ginning of this paper, it is not hard to imagine a time when it 
may in exceptional cases be desirable to put some cross-country 
lines or parts thereof under cover. The general dependance on 
electrical energy and the immense investments at each end of 
these transmissions may in special cases justify a fairly large 
expenditure, provided a very reasonable assurance for reliability 
is obtained. As many of these lines will be operating at pres- 
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sures beyond the reach of underground cables, it is possible 
that a recently suggested protected bus-bar construction may 
e used. Such a construction could follow the general surface of 
the land and be built on a right-of-way in conjunction with a 
railway. The art of insulator manufacture will undoubtedly 
advance so that pressures of 200,000 volts or more could be 
employed if conditions should ever demand such pressures. 
This construction appears to obviate many of the shortcomings 
of present high-tension cable systems. 
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SUMMARY 


From the viewpoint of the investor or operator the state of 
the art regarding high-tension underground transmission might 
be summarized as follows: 

1. Underground cable systems of 11,000 volts and under, 
if properly made, installed, and operated, will give at least 
equally and probably more reliable service than most of the 
other elements in the electric power system of which the cable 
system is a part. 
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2. Where local and commercial conditions justify, pressures 
as high as 25,000 volts can be satisfactorily used even for sys- 
tems aggregating as much as a hundred miles of cable. No 
single line of such a system would be much longer than twenty 
miles. If higher voltages are needed to meet operating require- 
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ments, and can be justified commercially, special construction 
will be necessary to overcome limitations in paper, rubber, or 
varnished cambric insulation, and also in the standard forms of 
underground conduit or subways used in this country. 

3. On comparatively short lengths, underground or under 
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water, as a part of a long overhead transmission line, cables 
operating at 40,000 volts can be used. 

+. Potential rises of 506, and 100%, are not uncommon in 
large underground cable systems, although this fact шау not 
always be manifest, due to high factor-of-safety. 
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5. Definite knowledge of what actually occurs in large high- 
potential underground systems is still meager, especially re- 
garding intensity and frequency of surges, heating effects, and 
critical temperature for various kinds and thickness of insula- 
tion, corona effects, and similar matters. 


In conclusion we would urge all companies having high- 
potential cable systems to keep a complete and systematic 
record of all troubles. To quote Dr. Steinmetz: 


To determine the origin and cause of high voltage disturbances, so as 
to be able to guard against their recurrence, the most important thing 
seems to be to very carefully observe and record all the details of the phe- 
nomena, even those which appear unessential. The existence of static 
on switchboards, lines, etc., and the existence of voltages and currents 
different from those which may be expected, require special attention. 
Either of these is sufficient to raise the suspicion of some dangerous fault 
in the system or some dangerous arrangement of apparatus, which re- 
quires consideration . . . The severity of the phenomena depends 
almost entirely upon the power momentarily available in the system and 
very rapidly increases with the size of the generating stations. With the 
increasing power and extension of electric systems we must expect to 
see these disturbances increase in destructiveness. The prospect which 
this holds out for the future is not very agreeable; it shows, however, the 
increasing importance for the operating engineer to study and become 
familiar with the subject, so as to be able to cope with the problems which 
are before him, which perhaps are the most serious in the field of elec- 
trical engineering . . . It would therefore be a great help if a far 
closer interchange of experience existed between ditlerent operating 
Engineers. 


May we not urge on all engineers to remember these words 


and to appreciate how by following Dr. Steinmetz’s bidding we 
all can help to advance the art. 


ADDENDUM 


Spark-gaps. In using spark-gaps as a means for measuring 
potentials, certain precautions must be taken to insure reliable 
results. This fact is, of course, well known. The spark-gaps 
mentioned in the paper were made up on the usual insulated 
standard and provided with ordinary No. 5 sewing needles. 
The series resistance consisted of carbon rods, of an amount to 
limit the current to about one-half ampere at normal pressure. 
In order to get the correct interpretation for the various settings, 
the conditions of humidity and temperature of the places where 
the spark-gaps were installed were duplicated in the laboratory 
and the gaps were repeatedly calibrated from 0.4 to 1.3 in. gap. 
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Within this range they were found to agree to within about 2%. 
of the Institute Standardization Rules. It is safe to assume 
then that the indications recorded in the paper are correct within 
9%, which is well within the accuracy required for this work. 

Where the spark-gaps are in continuous service, to detect 
occasional high rises it is necessary either to renew the needles 
daily or to brush the points frequently to avoid an accumula- 
tion of dust which would alter the effective gap-distances. Any 
tight enclosure around the gap to prevent this accuniulation 
would introduce errors due to the ionization of the enclosed air. 
Duriny a discharge the needle points burn to a bead, the size of 
this bead being an index of the severity of the discharge, and 
thus roughly of the intensity of the disturbance at that point. 
A recording meter is placed in series with the gaps to record the 
time of the discharve. 

Oscillograph. The development of a successful portable 
oscillograph marked an important step in the development of 
cable systems. It afforded a means for studying the system 
analytically, so that causes for possible unstable conditions 
could be determined and guarded against. In the particular 
application of detecting voltage rises of short duration its use- 
fulness, while still very great, is more limited. The time-in- 
terval, already mentioned in the paper, introduces an external 
limitation. The limitations of the apparatus itself are principally 
as follows: 

1. The free periodicity of the vibrators 1$ less than that of 
some occasional waves of very short length. In the oscillograph 
used in the test the vibrators were adjusted for their highest 
free periodicity, about 6,000 cycles per second. Any peak 
having a periodicity higher than this would not be correctly 
recorded. However, a peak of such extremely short duration 
would have too little energy to cause а harmful disturbance and 
would thus be of little interest. 

2. The vibrator cannot be made absolutely dead-beat, but 
fair results are obtained with five parts of castor oil, and one 
part of turpentine as the damping medium. 

3. The self-induction of the vibrator circuit is not entirely 
nil, but is sufficiently low to be practically negligible. 

4. The sensitiveness of apparatus cannot be made perfect, 
and its degree of perfection in this regard determines the degree 
of accuracy of its indications. The amperes per millimeter of 
deflection of the three vibrators used is from 0.00518 to 0.00578. 
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While in these four important qualities the oscillograph does 
not attain the ideal, yet for all practical purposes the apparatus 
is quite satisfactory. The limited time-interval of application 
is the most serious shortcoming, and probably the cause for the 
absence of double-potential peaks on the curves. А great 
number of oscillograms could be taken and yet none of them 
happens to coincide in time with a high peak. This was actually 
the case in the tests made, during which there was never a spark- 
gap discharge simultaneous with the taking of an oscillogram. 
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DISCUSSION ON '' ELECTRICITY AS VIEWED BY THE INSURANCE 
ENGINEER. SHOULD THE A.I.E.E. INTEREST ITSELF IN 
Етве PrRotection?’’ ATLANTIC City, N. J., JUNE 
29, 1908 


(Subject to final revision for the Transactions.) 


Chas. P. Steinmetz: The matter of fire protection is of ex- 
treme importance, and the Institute should certainly activelv 
coóperate with other organizations in the effort to reduce the 
risk. I believe, however, the question is a far broader one 
than that of fire hazard. Electrical fire hazard may be of in- 
terest to the fire underwriters, but it 1$ equally important that 
the Institute should consider the danger of electric power to 
human life, to invested capital, to the destruction of apparatus, 
etc., even if the destruction does not mean an increased fire 
hazard. The Institute is the one body which could take up 
this subject in its broader aspect. I think that the Institute 
should appoint a committee dealing with such questions. 
Such a committee may better existing conditions by establishing 
rules. A safer and better way for the committee to act would 
perhaps be to obtain papers that reflect good engineering prac- 
tice, calling these papers to the attention of the public at large. 
This would be more effective than the formulating of a lot of 
rules. These papers could discuss the practice of carrying 
extra high voltage lines through towns and cities and indicate 
good practice in overhead lines of different voltages, and whether 
these overhead lines of different voltages should be on the 
same poles or not. Rigid rules on all these matters cannot be 
insisted upon, but in a paper an author can readily state his 
views and thereby bring the matter before the whole Institute 
for discussion, 
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Discussion ON “ THE MEASUREMENTS OF Rotary SPEED ОЕ 
DyNAMO MACHINES BY THE STROBOSCOPIC FORK.” 
ATLANTIC City, N. J., JUNE 29, 1908 


(Subject to final vevision for the Transactions.) 


J. B. Taylor: The stroboscopic disc illuminated by an alter- 
nating-current arc or incandescent lamp has been used for a 
number of years to determine the speed of induction motors, 
synchronous machinery, and of other pieces of apparatus. This 
method of obtaining intermittent illumination is much simpler 
than by means of the fork described in this paper, and for some 
purposes gives the desired information with greater accuracy. 

The distinction between the two methods is that the fork 
gives very accurate speed determinations, while the illumina- 
tion by an alternating-current source of light gives even more 
accurate relattve speeds of apparatus and frequency of alter- . 
nating current system. In operating and testing alternating- 
current machinery the electrical engineer is more often inter- 
ested in the relative speeds of generator and motor than in the 
exact determination of speed referred to the clock. For ex- 
ample, in testing an induction motor it may be desirable to 
know whether the slip under a given load is say 2 ог 2.1%, 
while it is immaterial to know whether the motor is actually 
running at say 1800 or 1795 rev. per min. For this test the 
alternating-current illumination gives the slip directly, while 
the fork would require simultaneous observations on motor, and 
on generator or synchronous motor. 

When studying pulsation of synchronous machinery or an- 
gular lag of synchronous motors, synchronous converters, etc., 
with variable loads, excitations, and reactances in circuit, the 
alternating-current arc is again superior to the stroboscopic 
fork; for while the fork can give general indications of pulsa- 
tion, it can give no indication of the angular lag referred to. 

I have found these stroboscopic discs useful in another way 
not mentioned in the paper—in the determination of the speed 
of very light pieces of apparatus which have insufficient power 
to drive speed indicators or tachometers. For this or any 
work where actual speed rather than relative speed 15 desired 
the fork will be found useful, and I think that the authors of 
this paper should be thanked for having brought it to such 
compact and convenient form. | 

C. А. Perkins: I have been doing some work with the strobo- 
scopic fork, and any one who will trv it in the laboratory will 
be interested to find how it smooths out characteristic curves, 
or any curves depending on frequency, to have an accurate 
device for determining the speed. 

I wish to call attention to the range of speed obtained without 
having any shifting device. Use a tuning fork making thirty 
vibrations a second, or 1890 per minute, and the speeds given 
in the first column will be obtained. A fork which makes 
twenty-five vibrations instead of thirty gives the speeds in the 
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second column, while a fork with twenty vibrations gives the 
speeds in the third column. 


The first fork gives, without any slider, all the speeds called 
for in 60-cycle, alternating-current machines. 

The method that I have used for observing svnchronism is 
different from that described by Dr. Kennelly, and was suggested 
to me by the device which I mentioned at the Asheville meet- 
ing, for measuring the slip of motors, by means of a disc on the 
shaft, with a hole or slit in the disc. If such a disc, provided 
with a single hole, is placed on the end of the shaft of the ma- 
chine whose speed is to be measured, and if the experimenter 
stands so that he looks through this hole at the fork, he will 
have one look at the fork at each revolution. Suppose the shaft 
to be rotating at a speed of 1800, then the two are in exact 
synchronism, and the fork will seem to stand still. Now if the 
motor speeds up five revolutions per minute, he will see the fork 
apparently make five vibrations per minute. Instead of adjust- 
ing the fork, the experimenter counts the apparent vibrations 
of the fork. They can be counted up to 150 vibrations per 
minute, so that the one running at 1800 vibrations can be 
used for all speeds between 1650 and 1950, the one running at 
1500, from 1650 down to 1350, and so оп. Therefore, without 
any slider it is possible to use three tuning forks for all speeds 
in ordinary testing work. At the higher speeds, one hole in 
the disc is sufficient, but at the lower speeds the fork is seen at 
such long intervals that it seems to flicker, and it will be neces- 
sary to have two or three slots, according to the speed which 
is to be used. I have used this fork especially for alternating- 
current work; it is a simple, капыс, and inexpensive ap- 
paratus for this purpose. 

C. H. Sharp: I think most of us are more or less familiar 
with the various applications of the stroboscopic method to speed 
measurement, but I wish to express my sense of our indebtedness 
to Dr. Kennelly and Mr. Whiting for having reduced this method 
to such a practical and convenient form for actual use. 

It is not difficult in a well equipped laboratory to assemble 
a combination of tuning forks and rotating discs, or something 
of that kind, and make it work nicely there, but here is a 
thing that can be picked up and taken to any place where a 
test 1s to be performed, where we merely attach a disc to the 
rotating element and measure the speed accurately, or measure 
the slip or variation of speed accurately. 
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А. E. Kennelly (by letter): It has been found that no target 
is ordinarily required when the fork is used to measure the speed 
of alternating-current machines for 60-cycle frequency. Ц 
suffices with such machines to illumine the polar projections 
of the rotor, and examine these through the fork, in order to 
measure their speed, unless the speed and frequency should be 
more than 5% in error. 
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DiscussioN ON “ WATER POWER DEVELOPMENT IN THE NA- 
TIONAL FORESTS. А SUGGESTED GOVERNMENT Poticy.”’ 
ATLANTIC City, N. J., JUNE 29, 1908 


(Subject to final revision for the Transactions.) 


J. H. Finney: Mr. Baum’s paper is an interesting presenta- 
tion of his views as a “‘ power enthusiast and a believer in a 
cheap source of power," and his belief that “ cheap power is 
vital and necessary to the present and future development of 
the country " will be, I am sure, supported heartily in this 
assemblage. We may also be classed as power enthusiasts. 
I think, however, that his presentation of the case is wrong 
from several standpoints: 


l. In considering the national forests, wherever located, in 
the light of a local asset and not as a national asset, in which 
all the people should share. 

2. In basing a power charge or franchise solely on the cost 
of forest conservation and not on the value of the grant fixed 
by the earning capacity. 

3. In the attitude that assumes that a policy other than that 
outlined by him would put a tax on discovery, invention, and 
development, bv ascribing to capital and genius, seeking legiti- 
mate investment and fair returns, attributes that indicate a 
selfishness fortunately not always true. 

4. By a disregard of what might be termed the ''rights of 
the people ” in and to an asset of perpetual value, national and 
not local in character, a value that increases from decade to 
decade, as coal becomes scarcer and dearer. 

Let us first see what the government's stand is on the ques- 
tion of charges. It can best be stated in a general way by 
quoting President Roosevelt's specific statement before the 
recent Conference in Washington. 


‹ 


My position has been simply that where a privilege, which may be of 
untold value in the future to the private individual granted it, is asked 
from the federal government, that the federal government shall put on 
the grant a condition that it shall not be a grant in perpetuity. Make 
it long enough so that the corporation shall have an ample material 
reward. The corporation deserves it. Give an ample reward to the 
captain of industry, but not an indeterminate reward. Put in a pro- 
vision that will enable our children at the end of a certain specified 
period to say what in their judgment should be done with that great 
natural power, which is of use to the grantee only because the people 
as a whole allow him to use it. It 15 eminently right that he should be 
allowed to make ample profit from his development of it, but make 
him pay something for the privilege and make the grant for a fixed 
period, so that when the conditions change, as in all probability they 
will change, our children, the nation of the future, shall have the right to 
determine the conditions upon which the privilege shall then be enjoyed. 

Where that ройсу can best be carried out by the state, carry it out 
by the state; where it can be best carried out by the nation, carry it 
out by the nation. My concern is not with the academic side of the 
question; my concern is in the employment either of the principle of 
states rights, or the principle of national sovereignty, as will best con- 
serve the needs of the people as a whole. 
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This is a clear statement of a just and righteous intent, and 
who among us will question its honesty or the wisdom and de- 
sirability of its proper апа successful accomplishment? This 
policy has, I believe, been more specifically elaborated by the 
forest service in certain cases, involving governmental grants 
as a definite policy, namely: 

(a). The charge for power permits should be based on the 
power value of the land occupied and the value of the services 
rendered by the government. 

(b). The proceeds from any particular permit may legally 
be appropriated by the Congress for any public purpose, and, 
under the same policy, may properly be used for the expense 
of administering in national forests or for the reclamation fund 
or for the proposed inland waterways fund. 

(с). The plan of calculating the maximum conservation charge 
upon the yearly cost of forest conservation to the government 
would be impracticable, for the additional reason that such 
cost ought to be vastly higher than it is now. In the European 
forests the cost 1s several dollars per acre as against one cent 
per acre this year in this country. 

(d). The question of the charge for power plants 15 a unit. 
In considering it, the rental value of the land and the value of 
the services rendered bv the government in forest conservation 
should and must be considered together. 

(e). The rental value for power purposes of the lands occu- 
pied should be paid by the permittee, not merely their value 
for forest purposes, farm purposes, and the like. The govern- 
ment is entitled to their value for all purposes, especially in- 
cluding the purpose for which they are actually occupied. 
This value must be fixed by the administrative officers of the 
government at such a rate as will encourage the taking of per- 
mits. But the government should retain permanent ownership, 
subject to the temporarv right of the permittee to use the land. 

(f). Practical considerations of administration make it de- 
sirable that the charge for power plants should be uniform. 
It has therefore been fixed at a rate which 1s believed to be suffi- 
ciently low not to check the development of any project. 

While this policv may not be yet fully worked out, perhaps 
may not be the final word, it 15, I maintain, in exact accord 
with the views and policy which the President seeks to estab- 
lish, which in its final analysis 15 simply equal justice to both 
grantee and grantor, in rights which involve the use of the com- 
mon property of the people as a whole, rights which are in 
their strictest sense, ours only as trustees and guardians for the 
future. 

It may not be amiss to say here that this idea of trusteeship, 
while not strictly new, has in the past few years attained a new 
significance; and there are evidences of an awakening of the pub- 
lic conscience in respect to our guardianship and to our obvious 
duty to ourselves and to posterity in these matters that be- 


1498 WATER POWER DEVELOPMENT [June 29 


tokens a better America. The whole conservation movement, 
crystallized by the notable conference just held at Washington, 
marks, I believe, a new era in American thought and American 
habit. 

Forests as a national asset. The national forest in the West 
is the heritage of the whole people. No state orlocal boundaries 
were in the mind of the Almighty when the forests were first 
planted by him. No state boundary now confines their use or 
benefits or value to the state alone. The California forests 
serve other states in water conservation, in water power, in 
climatic effects, in supplving timber, grazing, etc., and the same 
is true of forests whether located in Wyoming or Washington 
or Idaho. They are public domain, belonging to the nation, 
not to the states containing them. They are, therefore, in all 
the benefits and profits accruing from them, the common prop- 
erty of the nation. The state fortunately containing them 
gains the greatest benefit, and rightlv so, but no claim that they 
are the exclusive property of the state as regards benefits or 
profits is tenable. The nation is the sovereign, and as a matter 
of fact and right the profits from them, while in part shared 
with the state, are converted into the national treasurv. They 
should be turned into a forest fund that could be used to estah- 
lish other national forests. 

In the east where the Appalachian national forest 1s projected, 
and so badly needed, the situation is different only in degree. 
The states agree to relinquish sovereigntv, the title passing by 
purchase to the new owner, the federal government. The 
states will get their share of profit—the balance goes into the 
treasurv. Мог can the forest here be considered a local asset. 
The states are manifestly unable to act effectively in its estab- 
lishment. The very fact that the national government must 
act shows its interstate, its national character. 

From the forested mountains of North Carolina flow streams 
that make power and navigation possible in streams in adjacent 
states—north, south, east and west. Some twenty states are 
directly, and the whole nation indirectly affected by what North 
Carolina does, should she denude or preserve her forests. It 
cannot be considered, therefore, as a local question, and I think 
Mr. Baum's view is narrow and untenable. Does the San Fran- 
cisco post office expend its surplus only on San Francisco's 
postal service, ог the New York post office on New York's? Is 
not the profit from these larger and more prosperous centers 
used to improve the efficiency and value of the postal service 
as a whole to the whole people? 

Let us look into this a moment. The government at present 
sells the timber on the basis of its selling value, because the 
timber costs have been to the present time practically nothing, 
except the small value of the land set aside, and the maintenance 
and patroling and similar charges. We have not begun to 
spend on our forests the amount of money which thev should 
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have yearly for a definite reforestation policv. Will Mr. Baum 
advocate this charge against the power сотрапу, should we 
spend as we some day must, large sums for 1cforestation? 

The national forest, so far as the timber is concerned, was 
operated at a loss last vear. Other forest products considered, 
there was a substantial profit, and this profit is increasing year 
by vear and rightly so. They become without impropriety а 
profitable investment to the government, without imposing апу 
purposelv designed hardship on the grazer or lumberman or 
miner or homesteader. If the government has instead of graz- 
ing privileges, or lumber, a water power to dispose of, in what 
respect does it differ from the other forest products? Is not 
its value what it 1s worth to the grantee, whether it be five 
thousand or fifty thousand kilowatts, and is not this value 
fixed solely by what it may be able to earn as a return on the 
investment? The 5000-kw. plant may be just as able to earn 
a fair return as the 50,000-kw. plant. The promoter or the 
developer might prefer the larger plant, perhaps, as offering 
more chance for profit, just as a street railway in New York 
might be a more attractive enterprise than one in Atlantic 
City, and yet both New York and Atlantic City have street 
railways, and it is barely possible that the smaller one is the 
more attractive investment. 

It is largely a commercial problem. "The 50,000-kw. plant 
would not be developed if no profitable market existed, even 
if there were no charges imposed by the government. Com- 
mercial considerations govern. There are plants operating and 
making money where fixed charges are abnormally high, cost- 
ing $200 or so per kilowatt installed, and selling power at a 
low price, too; there are others that have cost $50 or less per 
kilowatt installed that are selling power at a higher rate than 
the other plant. They all fix what is claimed to be a reason- 
able charge for current, under the conditions existing in their 
particular field, and this charge varies quite as much and as 
radically as the installation costs. It is a reasonable charge 
at one cent per kilowatt-hour, or two or more, depending on 
local conditions. We cannot well object to a metered tax 
on production when we are at the same time through our pub- 
lic service companies, such as the power company, the tele- 
phone companv, the gas company, and the water company, 
strenuously and persistently advocating a metered charge for 
consumption. It is not possible to impose an equitable tax 
in any other way. 

The plant that has so narrow a margin between success and 
failure as would be seriously affected by the imposition of a 
fair tax, whether this tax be 1/1000 cent, or 1/100 cent per 
kilowatt-hour, or even more, perhaps, has small prospect of 
attracting investors. It is not at all impossible or ditficult— 
we are doing it every day--to get at exact figures of develop- 
ment costs in any project contemplated, and accurately to 


1500 WATER POWER DEVELOPMENT [June 29 


estimate its earning capacity. We are doing the latter, too, 
everv day. One needs only to recall the engineering reports 
of the past and the present to see that it 15 done on the basis 
of “ what the traffic will stand," nor is there impropriety in- 
volved in this. When this 15 done and the property cannot 
stand a reasonable tax on its output, that project is not a com- 
mercial one at the present time, and under present conditions 
and must await development, as does many another, until a 
more favorable season. 

A tax on discovery and invention. There are no inherited or 
inherent rights in capital privately to exploit our remaining 
resources in mines and lands and forests, although this state- 
ment seems unduly optimistic in the light of past history. The 
Americans are over-patient and have been over-exploited, to 
put it mildly. There may be no power monopoly contemplated, 
though a water power company is by nature a monopoly 
per se. It is many t'mes the only possible source of supply 
of a given market. The opportunity for monopoly unquestion- 
ably exists in many places now, and there are some striking 
examples of what might happen to water power in what has 
happened in the past in some notable combinations of certain 
railway and other large interests that can be readily recalled. 

The government imposes a tax to-day on inventive genius 
by charging for a patent—the child of one’s brain—a uniform 
charge regardless of the cost of maintenance of a patent office. 
It fixes also a limitation of the grant to seventeen years—-but 
the Patent Office is full. 

No fears are justified, however, that the imposition of a tax, 
which would net him forty-nine per cent. instead of fifty per 
cent., or five and nine-tenths instead of six per cent. on a solid 
investment, will curb either the American’s ingenuity or his 
inventive genius, or his discovery of the quickest way to get 
the forty-nine per cent. or five and nine-tenths per cent., if he 
cannot have the larger returns. 

Disregard of the people’s rights. The real ownership of these 
natural assets in mines and forests and soil and water clearly 
lies in the people as a whole—a part of the nation’s heritage, 
whether natural or artificially created through governmental 
agencies. Some profit therefrom belongs to the people, just 
as Clearly and on the same broad ground as that some profit 
belongs to the capital and brains developing them. ` With this 
right of the people to profit, there exists and there 1s imposed 
the duty to fix reasonable restrictions on their use. Rights to 
exploit them properly should be granted on the basis of a defi- 
nite term of years for the franchise: a definite basis of fair charge 
on the output; fair regulation by the government—a policv 
that is embraced in what is termed “а square deal "' to all con- 
cerned; to the investor, to the corporation, to the power user 
and to the nation, and, incidentallv, to posteritv. 

As engineers, knowing better, perhaps, than any other class 
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of observers the immense potential value represented bv forty 
trillion cubic feet flowing annually within our borders, descend- 
ing an average of twenty-five hundred feet to the sea, and what 
it means to present America and its future value to future 
America; dimly realizing the infinitely greater value and in- 
calculable good of our waters in the light of the new concept of 
them in their substance, ог corpus, we cannot go on record as 
indorsing any plan involving their exploitation and use, that 
does not have strictly in mind, not only their fullest develop- 
ment and conservation in the largest sense for power, for scii, 
for water supplv, for the health and very life of the people, 
but the plan must be one that will do equal justice to all and 
contain special privileges to none. 

No less an authoritv tban Jefferson declared that '' the earth 
belongs in usufruct to the generation at any time living upon 
it." This view is as true to-dav and as free from demagogyv 
or socialism as when uttered. It is plain common sense and 
common honestv, and we as a people are at last beginning to 
realize it. 

E. R. Taylor: I would like to see Mr. Baum's paper broad- 
ened out, and my criticism is mostlv upon paragraph B, in 
which Mr. Baum says: 

The proceeds from any particular үе cannot be devoted toany 


other watershed or any other section, or for any purpose except the 
particular privilege. 


I had the honor to read a paper on “ Forestry, Water Storage, 
Power and Navigation " before the American Electrochemical 
Society а few weeks ago. In that paper I think I advocated 
the converse of that advocated by Mr. Baum in paragraph B. 
I said there: 

Let each state or section develop one or two streams completely with 
forest and lakes (and even farmers' tributary brooks to be paid back 
at cost) as illustrations, and put them to work earning money to de- 
velop others later. Let coóperation be the watchword. Private in- 
terests cannot do it as it ought to be done; public interests must do it, 


and the doing will be immensely profitable and a benefit for all coming 
time. 


All of us realize the great value of these water power privi- 
leges, if they are rightly developed, and I suggest that all who 
are interested in the subject get a copy of the Third Annual 
Report of the New York State Water Supply Commission, 
which deals with this subject. 

P. P. Wells: I desire to explain briefly the forest service policy 
with regard to what used to be called the conservation charge. 
I am not a trained engineer and must ask your indulgence on 
that side of the question. The service 1s very much indebted 
to Mr. Baum for the careful consideration he has given this 
subject. However, we agree with the conclusions that have 
been expressed by Mr. Ешпеу. 

Mr. Baum's paper does not clearly distinguish between the 
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policy of congress and the policy of the service, the administra- 
tion. Of course, to find out about the policy of congress we 
seck the statutes. In respect to the policy of the forest service 
as an administrative body I wish to say something about what 
its intentions are, what it has done, and what it would like to do. 

In the first place, 1t does not like the present system of having 
permits for water. power development revocable at the discre- 
tion of the secretary. That condition is imposed by the Act 
of Congress of February 15, 1901, in which it is expressly pro- 
vided that they shall be revocable. The forest service would 
like to have authority to issue permits which would be irre- 
vocable except for breach of conditions, for terms sufficiently 
long to guarantee security to the investor and a chance for full 
development. 

At Mr. Pinchot's suggestion there was included in the Agri- 
cultural Appropriation Bill pending before the last session of 
Congress, a clause which would have given power to issue irre- 
vocable permits for a term of fiftv vears. "That clause, like all 
new legislation in appropriation bills, was subject to be stricken 
out upon a point of order raised by anv one member of the 
House of Representatives. Two members made the point of 
order against this clause, and it was consequentlv stricken out. 

As the law now stands, the service has gone as far as it can 
to give permanence. It cannot take awav from the successor 
of the present Secretary of Agriculture the power to revoke 
the permit. It does, however, specifv precisely before construc- 
tion begins the maximum charge that is to be made in every 
case. This is fixed in every permit for a term of forty years, 
so that the service has gone as far as it possibly can to give 
certainty. 

Secondly, for the reason explained so well by Mr. Finney, 
the service stands for the permanent government control of its 
great natural resources, and as each fifty-vear license expires, 
new conditions may be then imposed in accordance with the 
changed circumstances that face the men of that time. 

Thirdly, the policy of the service is that no permit which 15 
issued shall be held unused. Pressure is put upon the permittee 
to make full use of his permit, first, by making a preliminary 
small acreage or mileage charge pending construction; secondly, 
by fixing in the permit a specific time in which construction 
must begin and another specific time in which it must be com- 
pleted. That time will be extended at the discretion of the 
Forester, if unforeseen phvsical obstacles are met with. 

Fourthly, the service stands for a uniform small charge or 
annual rental based on the amount of power developed. The 
justification of this charge, as Mr. Finney has explained, is that 
the title of the government to lands in the national forest is 
unquestioned and absolute. They belong to all the people of 
the nation. Whatever value there is in them belongs to all. 
If you consider this value, there are three elements in it, bearing 
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on this matter, which we mav call the resources, the land's re- 
sources and services rendered by the government. In these 
cases, with respect to water power, the ''resources " of the 
forests may be taken to be the water alone, considered apart 
from the land itself. Our charge is not based on this element at 
all. The appropriation of water is made under the state laws. 
The second element 15 the value of the land as a power site. 
It 1$ obvious that one piece of land тау be very valuable for 
that purpose, and another piece of land less valuable, because 
either of advantageous reservoir sites for storage purposes, or 
because of a greater fall or head. The third element of value 
is the service of the government in maintaining a steady water 
flow by forest conservation. This last is the only element that 
Mr. Baum's paper considers. 

In my opinion, Mr. Baum's analogies do not bear out his 
arguments. In the first place, it has been for many vears the 
policy of the government to give free homes to settlers, and ап 
furtherance of that policy the government irrigates arid lands 
at cost for homestead settlers. The present administration 
does not believe that that policy should be extended to large 
corporations, who use the public resources primarily for gain. 
So there is a broad distinction between the homesteader and 
the commercial user of natural resources that belong to the 
government. 

Take the case of the mineral fuels. Two years ago the pres- 
ent administration definitely announced its policy as that of a 
lease system, rather than the present system of alienation of 
coal and oil lands in perpetuitv. Take the case of railroad 
grants and free rights-of-wav for railroads; that pohcy was 
initiated when the resources of the country were thought to be 
inexhaustible, and when the Pacific coast had to be connected 
with the East for political reasons. But the reasons for that 
policy no longer exist and they do not apply in the matter of 
water power. Take the case of timber. ‘limber 1$ required 
by law, under Act of June 4, 1897, to be sold at public auction 
to the highest bidder without regard to the cost of adminis- 
tering the particular forest on which it is sold. Railroad ties, 
which Mr. Baum's paper mentions, could only be sold in this 
manner, without any reference whatever to the cost of forest 
conservation. Grazing fees on the forests are an attempt to 
approximate the grazing value of the land. So with mill sites; 
if a man wants a saw-mill site, as Mr. Baum mentions, we varv 
the charge precisely in accordance to the capacity of the mill. 
Thus all the analogies, except that of the homesteader, are 
against the position taken by Mr. Baum. 

A word as to what Mr. Baum says about deductions from 
the charge on account of private ownership of land. It ts a 
settled part of the policy of the forest service, that if a power 
plant occupies unreserved public land, over which the forest 
service has no jurisdiction (private land), a deduction will be 
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made on that account, provided the patent by which the private 
land was acquired did not reserve to the United States a right- 
of-way for canals, etc., constructed under the authority of the 
United States. АП patents for lands west of the one hundredth 
meridian, issued since the Act of 1890, do make such reserva- 
tions. 

Then as to water storage; the policy of the service is to en- 
courage the conservation of water bv storage, done by per- 
111сез, in such manner that they will not be charged for the 
conservation of the water they store. They will, however, be 
charged for the head which they get from the use of the forest 
lands, and which make this stored water valuable to them; 
in other words, there is a fiftv per cent. reduction from the max- 
imum charge on account of power produced bv stored water 
which would not be prcduced bv the natural flow. 

In respect to what Mr. Baum savs concerning the reward 
which should go to the enterprising discoverer of. the best 
power sites; uniform charge is made, believed to be low enough 
not to obstruct development on any practicable site. It there- 
fore leaves a wide margin of profit for the enterprising dis- 
coverer of a better site, and that margin is the wider as the 
site is the better. 

A. H. Babcock: Paragraph B of Mr. Baum's paper has 
caused considerable discussion. It is ту opinion that Mr. 
Baum had in mind the fact that in the case of a water power 
development, the power must be utilized within a limited area. 
The consumers in the arca must pav the government charge; 
hence they are entitled to the benefit. The charge should be 
made as low as consistent with the development of that dis- 
trict. Mr. Finnev's analogv to the post office charges being 
distributed for the benefit of the whole country does not seem 
to me to be a happy onc, for the reason that a two-cent stamp 
must carrv the letter into rural districts, and other places, 
where an adequate delivery svstem otherwise could not possibly 
be maintained. 

President Stott: Some verv important points have been 
raised ш the paper and discussions, which I would hear brought 
out at greater length. 

C. P. Steinmetz: I hardlv need to say that I thoroughly 
agree with the opinion, that the preservation of our national 
resources is a most important problem requiring energetic and 
prompt action. I am sorry to sav, however, that with regard 
to the methods proposed bv Mr. Baum I must disagree in al- 
most every particular. The first argument made by him 15 
that the different water power developments should stand on 
their own merits; that 1$, that the proceeds from апу particular 
privilege cannot be devoted to anv other watershed, or anv 
other section, or for anv other purpose except the particular 
privilege. He contends that the development of the watershed 
should be considered as a private matter in that particular 
locality. 
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I do not agree with that suggestion, as I believe that, if fol- 
lowed out, it would defeat the very thing we are trying to 
bring about. It is the same argument which can be made, 
and is being made, against setting aside and preserving these 
national resources, that they are not of general, but only of 
local interest. It is of no benefit, it is claimed, to the Central 
States, to set aside the Appalachian reserve, or the White 
Mountain reserve, and theretore the Central States say they 
do not want the national government to which they contribute 
to pav for doing it. 

That is Mr. Baum's argument, but I believe his argument 1s 
wrong, and there is a contradiction in the very statement which 
Mr. Baum has overlooked. Не starts his paper by speaking 
of the preservation of the national resources, and then he savs 
that these resources are only of local interest, and should be 
developed and paid for locally. If they are of local interest 
onlv, then they do not need the aid of the national government, 
but should leave it to local enterprise. Under such circum- 
stances I should prefer to leave it to private enterprise. The 
only reason of calling for the national government 1$ that the 
subject is not of mere local interest, but of national importance. 

It may appear at first sight immaterial to California whether 
the water powers of Maine are developed or not, but if the 
failure to develop the water powers in Maine results in an in- 
creased consumption, say, of one hundred million tons of coal, 
the coal famine resulting will increase the cost of pig iron or 
structural steel to California as well as to Maine, and so one 
part of the country will suffer by the destruction of our national 
resources, by the waste of our national capital, equally with 
every other part. Hence it is not a /ocal, but a national problem. 

If the problem were merely to develop water powers, then 
indeed it is local; but the problem is much broader, it is the 
problem of preserving and protecting our national capital. 
Suppose for the sake of argument the cost of the development 
of the water power 15 charged to the individual location. Then 
there would be developed only those watersheds where the cost 
is lowest and the power greatest; that 1$ to sav, those cases 
where government aid is not needed, as private capital would 
sooner or later do the developing. But then the far more 1m- 
portant problem would remain untouched; the problem where 
the watershed requires to be protected and would not be pro- 
tected by private capital, because there 1$ not enough power 
available in it to justify such protection. The destruction of 
timber and the erosion of hillsides at every rainfall would very 
soon be disastrous to the entire country. No effective protec- 
tion or development can take place when this matter 15 con- 
sidered as purely local. Such a policy would be very ineth- 
cient in carrying out our purpose of protecting and preserving 
the national resources, would indeed be the surest way of 
defeating this purpose. As long as it is a national problem, the 
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nation stands or falls as а whole, 1$ responsible as а whole, 
and has to take care of 1t or benefit by it as a whole. 

Whether the payment for the work 15 made bv the United 
States treasurv, or by assessment on the beneficiaries of the 
development of the national resources, whichever it тау be, 
remains for discussion, but certainlv we cannot consider the 
development as a matter only of local importance. 

Furthermore, it would be just as unfair to charge a high 
power cost to a moderate water power which mav be verv 
valuable and necessary, merely because the development of its 
watershed was rather expensive, while another water power 
may be developed almost free of charge where the watershed 
required very little attention. A part of the argument of the 
paper is that the proposed method of charge by the kilowatt 
output is unfair. Granting that, it should not be concluded 
that any other method proposed bv the writer 15 therefore the 
proper method. If one proposed method is unfair, it does not 
prove the correctness of one other method; it merely means that 
we should find a fairer method than that which 15 proposed. 

I agree with the writer that a fixed charge per kilowatt mav 
not be fair. One thousand kilowatt of power developed near 
New York City is vastly more valuable than 5,000 kw. of power 
developed five hundred miles from nowhere. You may sav 
we make the charge so low that every one needing the power can 
afford to pav the charge. That is unjust again, because we then 
fail to make a reasonable and fair charge on the profitable 
water power near New York Citv, and therefore fail to derive 
as much revenue for use in developing resources as the develop- 
ment of water power can stand. 

The last point I desire to discuss 15 the feasibility of Mr. 
Baum's proposition, that the franchise privileges must be per- 
petual He claims there is no franchise or privilege. But the 
matter is the same as if I buv a piece of land and build a private 
residence. In the same manner those which develop the water 
power should buv the land. Не does not believe in this argu- 
ment himself, however, because in other parts of the paper he 
uses the term '' privilege " and so signifies that theie is a little 
more involved than buving a plot of land for a private residence. 
However, whether we think it desirable or not, we must realize 
that there is a verv strong and growing sentiment against per- 
petual franchises, against giving awav national property in per- 
petuitv, or even for a long term of vears, such as ninetv-nine 
years ог fiftv vears. Whether this is desirable or not, we must 
realize that the sentiment 1s growing and will not reverse—and 
will have to be dealt with as a fact, whether we like it or not, 
so that it will be increasingly more difficult to get perpetual 
franchises or privileges, or even long term franchises. What- 
ever arrangements we so recommend, we will have to count on 
this condition—the lifetime of a franchise will be the lifetime 
of a generation, or something hke twenty-five or thirty years 
at the most. 
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There are thus two features which we must keep in mind; 
to develop and protect as quickly and as completely as possible 
our national resources in forests and streams and mines, and 
to make the development such as to induce private capital to 
enter into it. The problem which we have to solve is how 
to combine the short-term franchise with such conditions, so 
that private capital will invest in these water powers. 

Now to induce private capital to enter this field requires that 
capital must be guaranteed against confiscation, direct or in- 
direct; that is, there must be a guarantee that at the termina- 
tion of whatever franchise there 1$, there shall be no confiscation, 
that the value of the plant shall be preserved as a tangible asset 
of the investor. As soon as we guarantee that, I do not see 
that it matters very much whether the franchise is perpetual or 
whether it 1s relatively short. The only just objection against 
a short-term franchise is that the investor has to face the con- 
dition that he must get his full capital returned with interest 
within seventeen or twenty-five vears, because he has no guar- 
antee or protection of the investment bevond that time. The 
value of the investment must be guaranteed in any limited 
franchise. 

There is however a franchise ог monopolv уегу much stronger 
than any other franchise ever dreamed of by anybody, whether 
a water power franchise, or a city railway franchise, or anything 
else. The strongest indeed of all privileges, franchises, or 
monopolies is the manufacture of a patented invention. There 
is no restriction; vou may develop the invention or not, vou 
can give the public the benefit or not. You can throw it away, 
and по one has апу right to object. You can charge ten thousand 
per cent. profit if you choose, but after a limited time, seventeen 
vears, this monopoly expires. But there is no confiscation. 
Whatever factories, whatever plants you have erected to carry 
out this invention, they are still your property, except that 
now this invested capital has to compete on even terms with 
all other industries; that is, is entitled to a fair rate of interest, 
but no more fancy profits. So I believe some similar method 
could be developed for the similar problem of creating values, 
where values did not exist before, in the water powers, forests, 
and mines, and unlimited franchises for a limited time; that is, 
unlimited regarding restrictions, price, time of development, 
etc., might and should be given, because it is necessary to have 
the possibility of unlimited profit to compensate for the chances, 
which are not small, of complete loss in the failure of the power 
development. But that should be for a limited time only, sav 
the same seventeen vears the letters patent has to run, and 
after that time the franchise expires, and either the government 
can take over the plant at its actual value, or renew the franchise 
with such restrictions, limitations, or conditions, as mav seem 
to it desirable. provided these conditions do not constitute a 
confiscation of invested capital. 
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I think this would take away the reasonable objections to 
the short-term franchise, and would make it feasible, by holding 
out chances of very large returns during the unlimited period, 
to take the risk of complete loss, because, after all, this idea 
of the water powers being very valuable is а misconception 
derived from looking at those bowers which have been a com- 
mercial success, and forgetting to look at those many other 
franchises, city railwavs, etc., which have been developed and 
capital sunk into them without return, and many other similar 
properties in which large amounts of capital have been lost. 
The development of a water power 1$ just like the exploitation 
of a letters patent, in the fact that the success of the two is a 
matter of some doubt--thev are properties of questionable 
value—the water power mav be, when fullv developed, of extreme 
value, or it may be an entire loss. It is not an unquestionable 
asset, like United States bonds. If vou desire to get the water 
powers developed, and desire to interest private capital therein, 
vou thus cannot expect to limit the returns to the moderate 
values of the usual conservative commercial enterprises, be- 
cause vou cannot limit the chances of failure, and where there 
is a chance of loss you must compensate for it bv the chance 
of more than normal gain or profit. 

Wm. McClellan: I think we all agree that the word “ na- 
tional" strikes the keynote of this whole discussion. Those 
who realize the importance of this badly misunderstood ques- 
tion, and have taken the trouble to investigate the conditions, 
have found opinion is very likely to varv according to locality. 
In various parts of the West and South, great water powers 
exist more or less in their natural state. Whatever deficiencies 
or irregularities thev have, are natural. When we come to the 
East, however, we find a large number of valuable water powers 
which may be called ‘ spoiled water powers." This has oc- 
curred on account'of the denudation of forests at the head 
waters. During this last winter I have had occasion to examine 
a number of these eastern water powers, manv of them of com- 
paratively low head. It is surprising to find how many places 
there are where not more than 500 h.p. can be developed at 
present, and vet records show that years ago, before natural 
conditions had been changed, there would have Ъесп at times 
as much as 5000 to 6000 h.p. Steps are being taken bv several 
state commissions to dctermine plans and the cost for over- 
coming these deficiencies Бу making the flow of the river as 
uniform as possible throughout the vear. 

These great natural water powers of the West, needing iu 
many cases comparativelv little assistance, and the great spoiled 
water powers of the East, needing in some cases a large amount 
of assistance, all make up the heritage of the nation. The 
fallacy is very subtle, nevertheless 16 15 an absolute fallacy, that 
these resources should be developed for the benefit of the im- 
mediate community or state. In the opinion of the speaker, 
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these resources should be considered as а whole, and charges 
for development and assistance should be made in every case 
from the standpoint of general utility. The government, like 
an individual, should so manage its resources that all are brought 
up to as efficient a condition with as great earning capacity as 
possible. 

It is for engineers to sav whether a good water power is а 
real asset of the government, and is worth developing. Thev 
are best fitted to examine the local conditions in each case, and 
sec what change 15 advisable for a water power. 

It is safe to sav also that if this matter is nct taken up on a 
national basis. there will be difficulties later, inasmuch as a 
large part of the water power of the countrv exists at present 
in locations which come under the national government, and 
in many other cases, where strictly speaking it is a state matter, 
attempts will be made to transmit power between the states. 
This will probably become a matter for national control some 
time later. 

C. Н. Porter (bv letter): It seems to me that everv one 
who considers this question must agree with Mr. Baum that 
the regulations of the government with reference to the granting 
of power permits in national forests should be such as to encour- 
age the development of water powers and that the present regu- 
lations are unsatisfactory. That the Forest Service recognizes 
this is shown Бу the following extract from a letter signed by 
Mr. Pinchot, and dated Mav 5, 1908: 


I wish to sav now that I have never advocated revocable permits. 
The Act of February 15. 1901, expresslv requires that all permits shall 
be revocable. I have consistently advocated legislation to authorize 
the issue cf permits for a fixed term. which should be sutficientlv long to 
give reasonable security to investors—say fifty vears. During this term 
the permittee, so long as he- fulfils the conditions expressed in his permit, 
should be as independent as the holder of any other property. More- 
over, the conditions of the permit should define with as great accuracy 
as possible the maximum burden placed upon мт. He would then be 
in a position to collect investments in his enterprise by otfering cer- 
tainty and security to the investor. 

For these reasons I secured the insertion by the House Committee 
on Agriculture in the agricultural appropriation bill, now pending, of a 
clause authorizing the issue of irrevocable permits for fifty years. This 
clause was stricken out in the House. 1 believe that it would have been 
enacted into law if it had received the support of the friends of the power 
companies and that the companies have themselves only to blame if 
they are now suffering from the fact that permits are now revocable. 

А conference between representatives of the government and repre- 
sentatives of the power companies and of banking houses interested 
in financing power projects was held in Washington in February and 
March. The government opened the conference by proposing legislation 
of the character above indicated. The companies were unwilling to 
accept that unless they also got much more. The administration cannot 
therefore be held responsible for the fact that this legislation has not 
been secured. 


The real question under «discussion, then, is whether the 
government should grant very valuable privileges to the power 
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companies upon conditions more favorable to the latter than 
are necessary to insure the development of water powers. The 
power companies are justlv entitled to a rate of interest on 
their investment proportional to the initiative. 1equired. and 
risk involved and one which will make the proposition attractive 
to capital, but whv are thev entitled to anvthing more? 

It 1s stated ш the paper that the reserves or national forests 
were created primarily for use and not for profit, but if there 
be profit involved in the administration of the reserves why 
should it not go to the government representing the public 
rather than be handed over to a few corporations? The fact 
that the government has in the past practically given away 
for private exploitation by far the greater part of the natural 
resources of this countrv 15 not, 1t seems to me, an argument 
for giving ахау the small remnant the legal title to which still 
remains with the government. 

If the granting of permits for 50 vears, irrevocable except 
for breach of conditions, will result in the development of water 
powers with its many obvious concomitant benefits, what 15 
to be gained by the granting of permits in perpetuity except 
the enrichment of a few individuals? И there is апу question 
as to whether 50 vears is a sufficiently long period to induce 
the desired result, it would seem to be a reasonable method of 
ascertaining the facts for the government to offer to grant per- 
mits for this length of timc and then, if permits are not applied 
for, the granting of permits for a longer period can be author- 
ized. In апу case the government should retain permanent 
control of all water power resources now in its hands, and issue 
permits for development under conditions fixed for a definite 
period, at the end of which time the government should be free 
to make new stipulations and adjust the conditions to the 
circumstances then existing. 

Mr. Baum raises the question of monopoly, and while a 
monopoly of the water resources of this entire country may, 
as he says, be absurd, a monopoly of the water powers of a 
given locality is certainly possible and in тапу cases prob- 
able. Even where there is not a monopoly of the sources of 
power there may be a monopoly, through exclusive franchises 
or otherwise, of the power market practically available in a 
given district. Whatever the cause, the resident of a city in 
California confronted with a local power monopoly will derive 
no advantage from the fact that Niagara power, for example, 
is controlled by entirely independent financial interests. 

In the paper it 1$ stated that the profits of a national forest 
in California should not be used to maintain a reserve in Maine, 
but the proceeds from the sale of the public land included in 
the national ferest would, if the reserve had not been created, 
have been turned into the national treasury, not turned over 
to the state of Calitornia, and why should not the same course 
be followed with апу proats which may arise from the admin- 
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istration of the reserve? Both before and after the creation 
of the reserve the land belonged and belongs to the nation. 

It is true that settlers in the vicinity of a reserve should be 
given first consideration in the disposition of the products of 
the reserve, but in general water powers are not developed 
on а cooperative basis by the people who use the power but bv 
bondholders and stockholders at a distance. The price of power 
will alwavs be determined by the cost of competitive power or 
bv the price at which, with the corresponding amount of busi- 
ness, the profits will be a maximum, not by the actual cost to 
the company of the power sold the consumer. The amount 
of the government charge affects the last item only, but the 
two determining factors are entirely independent of it. 

Furthermore, while it 1$ the policy of the government that 
settlers in the neighborhood of anv one forest be preferred to 
people at a distance, so far as the right to use the land and 
resources of the forest is concerned, it 1s also its policy that, 

Thev should pay a fair price for all exclusive commercial privileges 
which they get. In other words, they should not be preferred to others 
as to price but should be preferred to others at the same price. This 
is the rule in the case of grazing permits, which are further restricted to 
prevent monopoly by large owners. 

Whether it is “ only fair that the government charge against 
the power privileges should be based on what the government 
furnishes " depends upon whether the cost or the value of what 
the government furnishes is meant. As an analogy the case 
of railroad ties is mentioned, and it is claimed that the value 
of these should be calculated on the yearly expense of тат- 
tenance and the number of ties the reserve can produce annually. 
As I understand the meaning of the word ‘ value " it is the 
amount of money for which a thing can be sold. As a matter 
of fact, in disposing of any of the timber products of a reserve 
it is the market value, determined by sale at public auction 
after advertisement, not the cost of maintaining the reserve, 
which fixes the price at which the timber is sold. An excep- 
tion is made in the case of the small homesteader in the imme- 
diate vicinity of the reserve who is given free certain forest 
privileges for personal and non-commercial use. Thus he can 
have without charge a small amount of timber, $20.00 stump- 
age annuallv, and is allowed to graze free six milk or work 
animals. When the timber is sold to a railroad or lumber 
company, the government receives the market price of that 
kind and grade of lumber. It would, it seems to me, be absurd 
for the government, representing the public, to sell timber 
from national forests to lumber companies for a nominal sum 
in order that the lumber companies might make an excessive 
profit in reselling it to the public. 

While the charges of the government to the power companies 
should not be excessive and should not exceed a definite max- 
imum set in advance in order that the fixed charges on a de- 
velopment may be accurately foreseen, nevertheless 1 see no 
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reason whv the value of the power privilege rather than the 
cost of maintaining a given reserve should not be taken account 
of. in determining the government charges just as the market 
value of the timber is consideied in fixing its price. 

The value of the land for power purposes 1s approximatelv 
measured by the amount of power actually developed each 
year. It is also an inverse function of the cost of development 
per kilowatt and the distance from a market, but the obvious 
practical difficulties in the way of taking account of these and 
similar factors are such as to leave the amount of power de- 
veloped as the only practicable basis upon which to evaluate 
the power privilege. Mr. Baum savs verv justlv that the power 
man who discovers a better power development than another 
man should have the benefit of his enterprise, and it would 
therefore seem to be fair that the man who discovers a power 
having a low development cost per kilowatt, or one ncar a 
market should pav a less percentage of his profits to the gov- 
ernment, as he would with a uniform chatge, than a man who 
can only find a power which must be developed at high initial 
cost or which is three hundred miles from a market. 

As Mr. Pinchot savs: 

Any private land owner having a power site on his land would refuse 
to rent it for its value considered as а wood lot, but would insist on its 
в value as the basis of the annual rent. И his property were to 

e taken from him for power purposes by condemnation he would be 
entitled to its value for such purposes. 

The principle involved has been affirmed by the Supreme 
Court of the United States. Why should the fact that the 
1enter in the case we are considering happens to be the na- 
tional government make any difference? The power privilege 
is worth just as much to the power company whether 1t 15 
secured from a private individual or from the government. 

To summarize the difference between Mr. Baum's point of 
view and my own: he believes that water power development 
should be encouraged as much as possible; I believe that it 
should be encouraged onlv so much as is necessary to insure 
development. Beyond this the interests of the public not 
these of the water power companies should determine the gov- 
ernment's policy. 

J. А. Britton (bv letter): I believe that the United States 
should grant to all bona fide hydroelectric corporations per- 
manent rights-of-way and grants of government land without 
апу tax whatever being made therefor, other than the cost 
of the land, fixed bv the government on the same basis as valua- 
tion is fixed for homesteaders. Such rights, when granted, to 
become permanent only upon the expenditure of a sum of 
money representing four or five times the value of the land, 
and to provide therefor that upon cessation of use for a period 
of one year, except in case of unavoidable accident or destruc- 
tion by elements of the improvements, the grant should revert 
to the United States. 
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The protection of a watershed should be a matter within the 
province of the United States, without imposing anv tax upon 
the users of the land. The resultant benefits gained by the 
United States and the several states in which these patents 
would be used, and the taxes derived therefrom, being, in ту 
opinion, sufficient to warrant the government in taking care 
of and protecting watersheds utilized, as such care and pro- 
tection results as much to the benefit of the entire community 
through which the streams may flow, as it does to the company 
utilizing the water for power purposes. I am unalterably op- 
posed to the levying of any tax by the state, or bv the United 
States, where forest reserves are concerned, against enterpriscs 
of this character. To subject an investment of this kind {о 
the whims of the legislature of апу state and the Congress of 
the United States would be to invite confiscation of property, 
and would result in eventually paternalizing, and would, if 
neither of the above occurred, bankrupt any corporation, as 
it has no redress, nor can it in California now, nor will it here- 
after, be permitted to increase its rates, due to the trend of the 
present legislation in the matter of such close regulation of 
corporations. If anv law is to be made, it should be a dis- 
criminatorv one, choosing between the bona fide enterpriscs 
and those which are organized purelv for the purpose of сп- 
riching the organizers. 

I shall be very glad indced to see a state or coast convention 
held to discuss this subject. I believe it verv vital to the 
welfare of those who have, in good faith, invested their money 
in water power propositions їп California and other states. 
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Discussion on '* A Stupy or MULTIOFFICE AUTOMATIC SWITCH- 
BOARD TELEPHONE SYSTEMS.” ATLANTIC City, N.J., JUNE 
29, 1908. 
(Subject to final revision for the Transactions.) 

A. B. Smith: For a number of years it has been my hope 
that the automatic would be able to solve the telephone prob- 
lem for large cities; that it would bring the rental а little lower 
for the benefit of the many who need the telephone but cannot 
now afford it, and that it would afford relief from the party 
line. That this can only be done by subdivision into small 
offices with short subscriber lines is acknowledged, but the 
apparently insurmountable obstacle of trunk lines and office 
expenses have stood squarely in the way. However, it may 
now safely be said that the automatic has arrived at that point 
of development where its claims merit serious consideration. 

With regard to the claimed flexibility of the system in being 
able to use subscribers’ lines for trunks, I ask if it would not 
seriously interfere with the practice of making trunk cables of 
lower resistance and electrostatic capacity than subscribers' 
cables? It would necessitate making the whole installation of 
cables good enough for trunks, which would be very expensive. 

In a continuously growing city the telephones increase in 
number in two ways—increase of density and increase of terri- 
torv. If merelv the telephone density increased, and the trans- 
mission equivalents had been properly cared for, any district 
might be converted into a branch office and old subscriber lines 
used for trunk lines with no loss. But all around the edge of 
the city the telephone exchange is expanding and the length of 
lines increasing, so that to continue indefinitely with the process 
would eventually make transmission very poor. In this respect 
the automatic offers no additional advantages except as it 
makes profitable a smaller branch office. 

In a multioffice automatic exchange the trunk repeater is 
used to relay the calls and permit each subscriber to draw talk- 
ing current from the nearest batterv. "This introduces added 
complications into the selecting mechanism, but as far as talking 
is concerned a little comparison. will show the conditions. In 
the common batterv manual trunk circuit there are two re- 
peating coils between the two subscribers, one in the cord cir- 
cuit at the A board, the other in the trunk circuit at the В 
board. 

No repeating coils are used in the automatic, their place being 
taken by the condenser-retardation coil combination so common 
in independent cord circuits. From a test which I recently 
made, the repeating coil 1$ considerably less efficient as a trans- 
former of speech than the condenser-retardation coil combina- 
tion. Hence the insertion of the trunk repeater into the line 
will still leave the automatic with an excellent transmission cir- 
cuit. 

Where there are a number of groups of trunks from one office 
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district to another, as from E to A, Fig. 21, it seems that *here 
would be considerable advantage in making all the trunks more 
or less accessible to all the offices in that district. I ask Mr. 
Campbell if this can be done? If so, the number of trunks can 
be reduced and still have the same busv hour capacity as a 
whole. 

For the benefit of many who тау not now take kindly to the 
idea of an all automatic plant, I ask if the line switch or some 
other device can be used on manual boards to trunk small 
groups of subscribers to the office? Му idea would be to place 
such a switch at the center of the subscriber group with as many 
trunks to central as necessary. When any subscriber in the 
group takes the receiver from the hook, he is automaticallv 
trunked to the manual board and answered bv the operator 
just as if he were on an ordinary line. It would enable the giving 
of individual line service with as few wires as would be required 
for party lines. Has this been suggested or worked out, and 
is it considered practical? | 

John Wicks: This paper offers encouragement to those con- 
nected with the development of automatic telephone service. 
Few engineers have vet given the matter sufficient thought or 
study to enable them to see its possibilities. The fact that 
telephonic connections are made automatically has been viewed 
аз a curiosity. That the public in large communities has made 
use of it for vears, even in preference to the best manual service 
offered bv competing companies, is still looked upon as т- 
credulous. Many have wondered at its rapid general adoption, 
but few have stopped to investigate the reason of its growth. It 
is therefore interesting and gratifying to learn that it has de- 
veloped along a line which makes it possible to decrease the 
great economic waste, which in the form of idle lines is to be 
found in the old stvle telephone svstems. 

Automatic telephone service has been tried sufficientlv to 
prove itself practical. We know that the telephone-using public 
likes it. We know also that there are no mechanical or electrical 
difficulties in the art which cannot be overcome. То compete 
with manually operated telephone svstems, therefore, it has 
only to prove itself economically more efficient than its rival. 

In manually operated exchanges, partv lines were long ago 
resorted to as a part solution of the problem involving the re- 
duction of the percentage of idle lines. So important has this 
branch of the service been considered, that a prominent telc- 
phone engineer stated only a few vears ago that a grave objec- 
tion to the automatic equipment was that it had no partv lines. 
The manufacturers of automatic switchboards have since then 
successfullv solved the partv-line problem, but it 1s hoped that 
the introduction of ти осе automatic switchboards will 
eventually do away with a large part of party-line service with- 
out putting the rental above the reach of present party-line 
subscribers. 
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The principal reason for the moderate price of party-line 
service is the saving effected in line construction by using one 
line for several telephones. A similar reduction in line invest- 
ment is obtained by the use of a large number of small offices 
interconnected by trunk lines. It has the advantage of offering 
individual lines to patrons who can now afford only party lines. 

A plan has been proposed and is now about to be tested in an 
eastern city which, if successful, will enable a telephone com- 
pany to offer a still cheaper direct line service. This new ser- 
vice might be termed “ limited trunk " service, because the 
scheme is to limit the number of trunks to the main office from 
the district station to which the limited trunk subscribers are 
connected. For example, if 100 telephones instead of being 
connected to the main central office by 30 or 40 party lines 
should be connected individually to a 100-line switch unit in a 
district station, this district station may then, be connected to 
the main central office by a number of trunks less than that neces- 
sary for furnishing each telephone a trunk line whenever de- 
manded. For instance, the number of incoming and the num- 
ber of outgoing trunks connected to the line switch unit might 
each be limited to five, thus making a total of 10 trunks instead 
of 30 or 40 party lines. It can readily be arranged so that any 
party attempting to call when all of the trunks outgoing from 
the district station are busy, will receive either the ordinary 
busy signal, or preferably a peculiar signal which will inform him 
that all trunks are occupied for the moment and that he should 
call again in a few minutes. It often happens that one sub- 
scriber keeps a party line busy for an unnecessarily long period 
to the inconvenience of others on the line, but it would be im- 
possible for any one or two inconsiderate subscribers to occupy 
all of the trunks from a district station. Another marked 
virtue of this limited trunk service is that communication would 
be absolutely private, thus eliminating one of the most objec- 
tionable features of party-line service. 

There may be questions raised as to the advisability of having 
a small sub-station with its apparently complex line switches 
and connectors without an attendant, but experience has proved 
that even in the operation of large switchboards contained in 
one room it is done to a large extent through supervising signals. 
If a line becomes grounded or open, or if something goes wrong 
with the switching mechanism, attention is called to the matter 
by means of a signal, which may as rcadily be made to appear 
in another office miles away. Should the trouble be in the 
subscribers' line or instrument, no other part of the sub-station 
is affected, whereas a trouble in a party line will frequently 
throw all the instruments connected to that line out of service. 
Anv part of the switching mechanism going wrong will affect 
onlv the trunk connected to that particular switch, and that 
can be made '' busy " from the main exchange until it is con- 
venient to repair it. 
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Apparently, rural or extremely isolated subscribers would 
still have to be furnished partv-line service, but it would appear 
that multioffice and limited trunk multioffice service might be 
used both to the advantage of the telephone companv and its 
patrons to dispense with the majority of the partv lines. 

The possibilities of limited trunk service will be still further 
enchanced, especiallv for residence districts, when the manu- 
facturers of automatic equipment put apparatus upon the mar- 
ket that will make two-wav trunks practical. It will then be 
unnecessarv to have one group of trunks for handling out- 
going calls and another group for incoming calls, but each trunk 
will be available for a call going in either direction. It is a well 
known fact that the maximum flow of traffic from the residence 
districts to the business district of a city does not occur at the 
same time as the maximum flow in the opposite direction. 
Consequentlv, if the trunks could be used in either direction a 
less number would be needed. Two-way trunk equipment is 
possible, in fact has been tried experimentally a number of 
times during recent vears. It 15 mv belief that it will eventually 
be made a commercia] success. 

E. A. Mellinger: Practically the only argument which can 
at the present day be consistently advanced against the auto- 
matic svstem is the first cost of the apparatus which, as indicated 
in Fig. 5, 15 considerablv greater for a single automatic exchange 
than for a single manual exchange, except in cases of very large 
switchboards. In some instances this is a factor of more immed- 
iate importance in deciding what equipment shall be installed 
than 15 the comparative cost of operation and maintenance. 

Mr. Campbell demonstrates the entire practicability of sub- 
dividing the automatic exchange to an extent not economically 
possible in manually operated switchboards. It is probable 
that, even with a comparatively limited subdivision, from 50% 
to 75% of the cable required for a single exchange can be elimi- 
nated. In comparison with the economy. thus effected the ad- 
ditional first cost of the automatic switchboard is of small im- 
portance. 

Since the cost of maintenance and operation of an automatic 
exchange is almost inappreciably increased by subdividing it 
into branches of 1000 lines or more, and since, obviously, the 
service is unaffected Бу such subdivision, the only items to be 
considered are the shghtly increased cost of apparatus and 
buildings. With reference to the cost of apparatus, there can 
be no doubt but that there will be some increase with subdivision, 
owing principally to the present necessity for separate batterv- 
supplying units; but in many instances there would be an actual 
saving in the cost of building on account of the comparatively 
low value of building locations required for the branch offices. 
The central exchange is usually located of necessity in the heart 
of the business district where land values are at the highest, 
and any reduction in space required would much more than 
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compensate for a corresponding increase in branch office space. 
It is probable also that less expensive building construction 
could be employed in branch offices than in central exchanges. 

For the small sub-station serving an outlying district it is 
customary to rent space in some office or store building or to 
erect a small building for housing the apparatus; but in an ex- 
clusive residence district it is sometimes difficult to obtain space 
in a suitable location. In at least one instance this difficulty 
has been successfully met by placing the sub-station under 
ground in a moisture-proof cement vault, similar to those used 
for housing batteries in railwav signal work. "The most logical 
location for a sub-station 1s usually at the manhole where the 
cable distribution for the district begins, and since no serious 
objection has been encountered in the installation and opera- 
tion of the underground sub-station, there appears to be no 
reason why the manhole itself cannot be constructed to ac- 
commodate the switching apparatus, thus eliminating the 
necessitv for building space. 

The vault, or monolith as 1t 15 called, to which reference 1s 
made, was constructed complete in one piece before being lowered 
into place. It is elliptical, its dimensions being 4 ft. 10 in. by 
7 ft. 8 in. by 6 ft. high, and accommodates а 100-line unit to- 
gether with protector and distributing rack, batteries, etc. The 
average manhole is almost as large. 

Carefully kept thermometer and barometer records indicate 
a practicallv constant temperature of 70 degrees fahr. and an 
almost complete absence of moisture, except as the presence of 
the troubleman or others in the vault for half an hour or more 
changes the normal atmospheric conditions. After such visits 
the vault is quickly dried by hghting an incandescent lamp for 
a short time. А small ventilating fan would doubtless prevent 
any moisture precipitation while the vault is open. 

Ev егу city has one or more telephone districts so far remov en 
from the telephonic center that the installation of the sub- 
station is an economic necessity, particularly since the tele- 
phones in these districts usually уе smaller rentals than those 
centrally located. Such districts are being satisfactorily served 
by trunking stations of from one to five hundred lines in a num- 
ber of automatic exchanges in various cities, but the limit of 
practical distribution appears by no means to have been reached. 
It 1s more than probable that in the no verv distant future 
every large office or apartment building will have its sub-station 
trunking to the nearest branch exchange, even though the 
distance be onlv a few blocks, and that these trunking stations 
will in most cases be a part of the underground svstem. 

From the underground sub-station to the underground branch 
exchange 1$ not a long step, and although the branch office 15 
usually of such size as to require the constant presence of опе. 
or more attendants, the necessity for artificial light and ventila- 
tion is hardly to be counted asa serious objection. The economy 
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which could be effected in the business center of large cities by 
such an arrangement 15 apparent. 

Morgan Brooks: Mr. Campbell's paper speaks of the economic 
waste represented by 90% of the wire plant being idle even in the 
busiest hours. Imagine, if vou please, a much smaller waste, 
such as 50€4, and it is evident that the busy signal would be 
received from half the calls. Good service demands a minimum 
of busy signals, and necessitates economic waste. The author 
has shown that the quickness of disconnection characteristic 
of the automatic svstem helps the service, especially with trunk 
lines, although it evidently increases the percentage of non-use. 
It is only in private branch exchanges that good service may be 
coupled with a reasonably large load-factor of subscribers’ hnes. 

L. Е. Hurtz: А word or two about these sub-stations. Mr. 
Campbell speaks from the manufacturer’s point of view; I speak 
from the operator’s point of view. А very large advantage, т 
the use of these sub-stations over the ordinary type of equip- 
ment is the fact that the exchange can be divided into units 
as small as one hundred lines. When considering the cable 
distribution of a telephone plant, the reasons that make it neces- 
sary to subdivide verv large districts into several smaller ones 
are well understood. The question then arises as to the proper 
time to stop sub-dividing. In manual practice on account of 
the cost of buildings and equipment, and in order that satis- 
factory and economical service can be given, these branch ex- 
changes vary in size from 1,000 to 10,000 lines, according to the 
density of the telephone development in that vicinity. With 
the use of low-priced buildings and low labor costs it is practical 
with these automatic switching units to reduce the size of these 
branch exchanges to one or several hundred lines, which increases 
the savings due to sub-division to a corresponding extent. 

In our experience of a year and a half, during which time we 
have had two sub-stations in operation, we find we can give 
high grade service with but little additional labor. It 15 an 
easv matter to realize what vast savings can be made in the 
cable plant bv use of this system. .The saving in investment and 
maintenance cost and interest cost must be equated against the 
additional labor; if the additional labor item is low enough 
there is a big saving. This svstem 1s being tried in several places. 
Our experience with it leads me to believe that it 1s thoroughly 
practical and will work out as well as indicated by Mr. Campbell. 

I am convinced that one of the greatest developments made 
in telephony in recent vears is the production of this switch unit. 
It 1s possible now to put in sub-stations as small as one hundred 
lines, locating them at isolated points, and at the same time not 
increase the operative and maintenance expenses to any con- 
siderable extent. 

Samuel G. McMeen (by letter): The economic waste of which 
Mr. Campbell treats has been recognized for many years, and 
efforts have been made to reduce it in manually operated sys- 
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tems. In most of the cases the effort has been successful. The 
method of waste-reduction by automatic apparatus, as treated by 
Mr. Campbell, is the most important recent attack, and is one 
from which a very large amount of new knowledge тау be ex- 
pected to be drawn. 

The broad idea of dividing a telephone exchange wire-plant 
into two general parts, and then using one part at a high efh- 
ciency and the other at a low, is not new. It has been proposed 
again and again, and has been developed for various forms of 
apparatus and various arrangements of  wire-plant. The 
planetarv svstem of operating manual equipment was such an 
effort, proposed eight or ten vears ago by Mr. Angus 5. Hibbard. 
In that svstem all calls needed to be trunked from a small local 
office, in which they werc first received, to a central switching 
office, even though they might need to be trunked right back 
again to the small first office to find the sought lines. 

The telephone requirements of the business area of every city 
is served very largely by private-branch exchanges, privately 
operated. About two-thirds of the traffic originating in them 
requires to be trunked to a main exchange operated by the 
telephone company. If these private exchanges were to trunk 
all their originated business, even at the cost of receiving again 
all local calls, such a plan would be a manual counterpart of the 
waste-saving system Mr. Campbell describes. As it is, the plan 
is a real counterpart so far as concerns the traffic for which, 
mainly, a private branch exchange exists, and the object 15 
the same to save wire-plant at a cost for apparatus and at- 
tendance. 

A proof of the widespread wish to make such a wirc-plant 
saving is to be seen in the long effort to produce a selective and 
secret party-line equipment. It is possible to-day to have and 
use such a party-line svstem, but at best the privileges of the 
line are divided up among the subscribers upon it. None has 
the same good condition as the subscriber on a single pair of 
wires, all his own. In either manual or automatic practice, the 
amount of central office equipment is controlled by the traffic, 
which partv-lines do not reduce, unless bv discouragement caused 
bv poorer service. All that a partv-line can do, at best, 15 to 
save something of the annual cost of its line, and unless this 
line be longer than a certain minimum, nothing at all is gained, 
and alwavs something in qualitv of service 1s lost. 

А condition not brought out bv Mr. Campbell may well be 
considered as next in importance to the savings. I refer to the 
saving possible in the character of lines, as distinguished from 
their extent. The subdivision of the plant, so as to have many 
and short subscribers’ lines, connecting over long and few trunk 
lines, enables the kind of circuits of both sets of lines to be re- 
viewed with great gain. What I mean is this: the facts which 
govern the choice of circuit elements for subscribeis' lines are 
much dependent upon distance. The conductivity of the sub- 
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scribers' loop governs the amount of current deliverable to his 
transmitter from а fixed-voltage central source. The capacitv 
of the loop governs both transmitting and receiving. For a 
set standard of either, it 1s possible to distribute the lines of a 
subscribers' district, if that district be small, through cables of 
much smaller wires squeezed into a much smaller bundle and 
covered by a much smaller lead sheath, than if the district be a 
large one and the average lines be long. As the transmitter 
current problem is a direct-current distributing one, the analogy 
is that of large and small districts in direct-current power dis- 
tribution, with the further advantages that the telephone prob- 
lem involves great numbers of circuits, in each ot which a small 
saving can be made. 

For example, most subscribers’ lines, in multioffice manual 
practice require cable circuits of No. 22 B. & S. gauge wires, 
having a mutual capacity of not over 0.06 mf. per mile and a 
resistance per mile of loop cf about 190 ohms. Assume that a 
system satisfies working conditions with such cables when the 
longer lines of a district have a length of somewhat under two 
miles, and a loop resistance of, sav, 350 ohms. If it were recast 
so as to be served by more centres, with maximum lines in each 
of a half-mile, a cable formed of No. 28 B. & S. gauge wires, 
pressed so tightly together as to have a mutual capacity of 0.22 
m.f. per mile, should give similar results. Equally, wires of 
other metals than copper may be used, with a gain in certainty 
of jointing and terminating, and the reduced sheath diameter 
is accompanied by a reduction in its thickness. 

The foregoing presumes that each small district contains its 
own source of current, so that the calling and the called sub- 
scriber each receives transmitter current over the minimum 
length of line. Experience with operating conditions shows this 
to be a preferred arrangement, for reasons other than trans- 
mitter supply; and the increased efficiency of transmission in 
private branch exchanges having localized current sources for 
trunked connections emphasizes the point. 

Mr. Campbell's observation of the shorter holding of the line 
in an automatic system seems to be generally noted. It 1s a 
psvchological matter more likelv to be discovered than predicted. 
The same is true of quicker answering and less waiting for answer 
after actual ringing has been done. These differences in the 
actual performance of the two svstems need to be considered 1n 
any study involving comparisons. The longer time of поппа! 
holding of inter-office trunks seems also to be overbalanced by 
the speed of disconnection in the automatic apparatus, and to 
this must be added a consideration of the slowing down of dis- 
connecting efficiency on the part of the manual B operator during 
the rush period. 

No casual studv of large city work fails to show the beginner 
the influence of sub-division of districts on the amount of trunk- 
ing. The percentage of calls trunked out of the New York 
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Cortlandt Street subscribers' board in 1896 was 75; in 1902 it 
was 90 or more, and to-dav, under accepted manual practice 
for such surroundings, it is 100; that is, it is not worth while to 
complete any call directly 1n a manual multiple of lines when 
so few as a tenth of them can be so completed. Mr. Campbell's 
point of trunking all calls in an automatic svstem is of equal 
force in view of that tendency in manual practice, and of the 
present trend of thought in partlv automatic manual svstems. 

A feature on which more might have been said is the possible 
danger of excessive changing of subscribers! numbers. It must 
be admitted that anvthing which endangers a subscriber's 
privilege to keep the same telephone number through a term of 
vears is a bad thing. In a one-office exchange that danger is 
least, and under ideal conditions may be nothing, for the main 
distributing frame in that one office enables the central office 
equipment to follow up his line, into whatever quarter of town 
he may move. But in a multioffice svstem, it is a penaltv upon 
the subscriber that he must change his number when he moves 
from district to district. The more districts there are, the 
worse it 15 for him. But it is further a hardship that in cases of 
relief of congested regions, as suggested toward the close of the 
paper, a subscriber may awake to find his number changed over- 
night, through no fault of his own. Certain care in districting 
regions, and certain stubbornness in following the resulting 
plan, will prevent a large part of the changes required by future 
splitting. of original sub-office districts. Ц is stronglv to be 
recommended that this forecasting be done, for the number- 
changing evil is one in which party-line and sub-office systems 
are alike responsible. 

W. Lee Campbell (bv letter): Professor Smith asks if it is 
possible to make all of the trunks from E office to A office in 
Fig. 21 accessible to all of the subscribers. It 1$ possible, in 
fact equipment of the necessary {уре has already been installed 
for trial and 1s operating satisfactorily. 

He also asks 1f line switch sub-stations could not be used with 
manual telephones in connection with a manuallv operated 
central office. I would reply that thev could be, and probably 
will be. 

Concerning the plan for relieving a congested district bv con- 
verting the line cable into a trunk cable, I wish to say that this 
would often improve transmission from the original telephones, 
because it would bring the battery closer to the transmitters 
drawing current from it. 

This feature might even permit the district to be enlarged; 
that is, new patrons farther away might be added and their 
transmission be equal to that afforded the original subscribers, 
before the new local office was installed. 

I think that in economically designed plants the conductors 
of the trunk cables are not made heavier than the lines unless 
the distances are so great that heavier wire is necessary to keep 
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the transmission up to standard. In other words, the sub- 
scribers in the district reached by such a cable would have to be 
served by heavier conductors if no branch office were installed 
in that district. I see no reason, therefore, why adding to the 
number of offices should increase the amount of large conductor 
cable used for trunks; it appears to me that it would tend to 
decrease the amount. 
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DiscussioN ON '" ENGINEERING FEATURES OF THE SOUTHERN 
Power СОМРАХУ 5 SvsrTEMS." ATLANTIC City, М. J., 
Томе 30, 1908. 


(Subject to final revision for the Transactions.) 


J. H. Finney: I believe that many of us here fail to realize 
the actual value of the work that has been done by the 
Southern Power Company in the south. I think that there 
are not manv electric plants in this county that I have not 
seen at one time or another, and I believe the work that has 
been done by developing the water power system of the Catawba 
river by the Southern Power Company is as creditable as anv 
similar work in the United States. It is well worth a visit to 
go down and see that Great Falls plant, the Rocky Creek plant, 
and the others there. 

W. $. Lee: Perhaps a good many engineers do not know 
the conditions that we have to meet on southern streams. There 
is an erratic flow, a flood discharge on several of these plants 
one hundred times the minimum discharge; this means quite a 
problem in designing the structure from the hvdraulic end, as 
well as trying to apportion the station equipment so as to use 
the secondarv power to the best advantage. We have studied 
this condition carefullv, and while we have adopted the plan 
of putting in station equipment about one and one-half times 
the minimum low-water 1equirements, naturally there is a possi- 
bility of even changing that, due to the fact that a great many 
southern cotton mills have efficient, large steam plants. We 
are now offering power for sale on a six month's basis, which 
we call six months' secondarv power, at a much lower price. 
This six months’ power is an inducement to the large plants, 
which can run six months on steam and six months on water 
power. In some years the water flow is a little greater, and the 
mills can then be operated bv water power eight months, or 
even ten months, апа оп гае occasions, twelve months in the 
ycar. 

We first had a great many 550-volt motors on the cotton 
mill work, and were endeavoring to make the voltages multiples. 
We saw at once that in cotton-mill work it was not advisable 
to install a 44,000-volt sub-station for each mill, consequently 
almost all installations are now using 2200-volt motors. We 
have towns in which we operate seven or eight mills from 200 
to 500 h.p. each, where it is possible to locate one sub-station. 
All of our transformers are wound for 550 and 2200 volts on the 
low-tension side, and 11,000, 22,000, and 44,000 volts on high- 
tension side. 

Reference to the map will show the location of the Great 
Falls station, Rocky Creek station, and Fishing Creek station. 
Great Falls station being between the other two, it is our inten- 
tion to feed Rocky Creek and Fishing Creek stations into a 
common switch house or bus-bars, which will be located at the 
Great Falls station. This will enable the attendants at Great 
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Falls station to control all lines or feeder circuits. We are also 
designing ап 8SS,000-volt transmission line from Great Falls to 
Spartanburg, S. C. The transformers and control of lines for 
this voltage will also be handled by attendants at Great Falls 
station. 

D. B. Rushmore: The plant of the Southern Power Company 
is one of considerable interest. The voltage of the plant, 
44,000, was the maximum conservative voltage at the time of 
installation. At present one would use a higher potential for 
such conditions. Efforts should be made to standardize trans- 
mission voltages. Below 44,000, the figures are fairly well 
fixed; above, there exists a wide variety of voltages. We must 
either decide on delta-star combinations or else choose some 
arbitrary figure. For high voltage transmission work one 406$ 
not change the system of connections from delta to star after 
the first decision has been made, therefore an arbitrary decision 
on multiples of eleven seems the most logical basis. The follow- 
ing voltages are recommended for transmission work: 6600, 
11,000, 22,000, 33,000, 44,000, 66,000, 88,000, 110,000, and 
165,000; 66,000 is already in operation in so many places that it 
already has an existence; 88,000 is taken as the double of 44,000. 
On transmission lines it 1s often desirable to double the voltage 
and to wind transformers for the higher voltage, using them for 
parallel connection on the lower voltage. А large number of 
plants are now being installed at or about 100,000 volts. It 
seems desirable to fix this figure at 110,000, these voltages being 
the voltages at the generating station. 165,000 is proposed for 
the next step. i 

One of the factors which has entered into the successful opera- 
tion of this plant has been the use of 60,000-volt insulators on 
the 44,000-volt line. The greater margin of safety is one of the 
results of experience in this line of work. 

It is to be noted that this svstem emplovs а delta connection 
on the transformers on the high-voltage side; also that a com- 
promise 1s effected concerning the use of transformer compart- 
ments, and that the high tension wiring is entirely open. 

A feature of especial interest is the use of expulsion fuses 
instead of automatic switches for protecting the sub-station 
apparatus. It is understood that this feature has been very 
satisfactorv. 

P. M. Lincoln: I agree with Mr. Rushmore that it ts desirable, 
if possible, to fix high-tension voltages in advance of their use 
but I am not sure that it is best to eliminate the 88,000 volts. 
There are a number of plants in which this voltage is proposed; 
the reason for it is that the plants аге to go in at first at half 
that voltage, 44,000 volts, while the amount of power called for 
is small, but they are being installed with the intention of eventu- 
ally doubling this voltage. The fact that there are two different 
but obvious methods by which transmission voltages mav be 
increased is responsible for the existence of the odd voltages. 
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Voltages mav be increased either by doubling the previous 
voltage or by throwing delta-connected transformers into a 
star connection. In the former case the factor of increase 1s 
two and in the latter V3. With this constant tendency toward 


odd transmission voltages the adoption of standards becomes 
all the more important. 

In regard to the question of delta- versus star-connected trans- 
formers, I think that the selection of delta or star connection 
depends largelv upon whether the neutral of the high potential 
system is to be grounded or not. If the grounded neutral is to 
be used, the star connection of the high-tension side 1$ essential 
to obtain a neutral point. И the grounded svstem 1$ not to be 
uscd, there is not much choice between the delta and the star. 
It is true that the star-connected transformers are somewhat 
less in cost than a similar set of delta-connected transformers, 
but this is not a controlling advantage. The whole thing hinges 
upon the larger question of whether high-tension transmission 
system is to have a grounded neutral or not. 

Chas. P. Steinmetz: I desire to commend the engineers who 
have designed this plant, on their conservative way of choosing 
transmission voltages and transmission lines, which ought to go 
a long way to maintain the record of reliability of operation 
acquired by the smaller station, of which this big system is the 
successor. Many of us do not realize the enormous work which 
is being carried on in the electrical development of the South. 
We read, and have heard, for many years of the long-distance 
transmissions in the West and Central states. Great results 
have indeed been accomplished there, where coal is almost out 
of the question by reason of its price, and where the distances 
are long and the voltages high, but not all of us realize that 
similar development is going on in the South. The development 
may not be of greater magnitude, but it 1s under different con- 
ditions, in competition with steam. "The southern plants do 
not supply mines and towns which do not mind an interruption 
once in a while; they supply consumers like city lighting plants 
or cotton mills, where it is a serious matter to shut down and 
throw hundreds, if not thousands of hands out of work. There 
more conservative voltages must be used, and while 100,000 
volts тау be all right in the West, thev are a little high for 
the South. 

It 1s very encouraging to sce how a svstem of enormous mag- 
nitude, fully as large in kilowatt capacity and in extension over 
distances as any western system, has chosen 44,000 volts as the 
trunk line voltage for transmission, using half or quarter thereof 
for the high voltage distribution system, and leaving it for the 
future, when necessary, to use a line of double that voltage, 
45,000 volts. 

Fourteen years ago the first cotton mill was installed in the 
South with electric drive. It is hard to realize how the whole 
South has rapidly developed commercially, and how electric 
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power is coming to the front. Water power systems are also 
being developed. 1% is encouraging to see that this great de- 
velopment has been on conservative lines, and it 1s to be hoped, 
that as a result of the development of these systems, we will 
be able to say that long-distance transmission distribution is 
reliable, as reliable as local distribution, and that it will not be 
necessarv to say, among ourselves not to the public—that long- 
distance transmission is ideal where you get the power, but after 
all you never know whether you will get the power or not. 
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DIscussION ON “ FUNDAMENTAL CONSIDERATIONS GOVERNING 
THE DESIGN OF TRANSMISSION LINE STRUCTURES." 
ATLANTIC City, N. J., JUNE 30, 1908 

(Subject to final revision for the Transactions.) | 

М. ]. Neall (by letter): It may properly be said of a trans- 
mission line structure that factors of safety are both necessary 
and expensive. 1% 1$ naturally desirable, therefore, so to 
shape the design and so to adjust it to its operating require- 
ments as to secure a maximum of service with a minimum of 
outlay. 

There are two factors of safety that must be considered: 
1. That relating to the transmission line conductors directly. 
2. That of the tower itself as an independent structure. These 
will be discussed as follows: 

1. Factors of safety relating to transmission line conductors. 
Once the amount of power to be delivered has been determined, 
together with the location of definite geographical points of 
distribution, a fundamental size of transmission wire can be 
deduced to carry the load economically. This should then 
enable a decision as to the permissible length of maximum 
span and an adjustment between conductor size, span, and cost 
of support (substituting other sizes of conductor if necessary) 
until the best proportions of cost have been obtained. 

The next step is to decide whether the tower is merely to 
act as a support for the wires without further responsibility, 
or to hold them up against any ordinary accident; in other 
words, whether it 15 to be what is commonly known as a '' dead 
end " structure. If the latter, a much stronger pin support is 
required and may, because of the generally low natural limit of 
strength of such a feature, require several or more such supports 
in tandem and special arrangements for holding the wires to 
the supports. 

2. Inherent structural characteristics effecting factors of 
safety. Theoretically it is desirable to have a tower or trans- 
mission line structure flexible in the direction of the line, and 
inflexible perpendicularly thereto. It is assumed that any wind 
blowing parallel to the line does it no harm, while a high wind 
perpendicular to the line is a serious feature; in other words, 
the tower must be able to resist being blown over. This con- 
sideration immediately affects the shape and size of the tower, 
to which, in turn, such items as wind pressure per square foot, 
form of anchorage, nature of soil, etc., add their quota of re- 
quirements. 

For such a structure pure and simple, the requirements of 
endurance are obvious and of little concern to the electrical 
engineer, save that the character of the design will permit of 
the special loads being applied without any impairment of the 
structure as such. 

It is but a step, then, to combine these two elements; in the 
usual specification the loads brought on the tower by the trans- 
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mission wires are the only ones specified. It is here that I 
think there is much room for improvement over present practice. 

When it is borne in mind that both the tower itself and all 
conductors are simultaneously affected by any of the usual 
elemental conditions considered in this connection, such as 
heat, cold, wind, dead weight, ice or sleet, etc., and since 
moreover it is found in usual requirements that a safe length 
of span to stand minimum temperature with ice or sleet and 
wind blowing simultaneously at a maximum velocity deter- 
mined by local observation to be applicable to this case is taken at 
the condition of maximum strain on the conductor, it becomes 
clear that the only true criterion of suitability of a structure is 
to test it preliminarily for design in such a way as to imitate 
as closely as possible just those strains that come upon a tower 
in service. The two extremes usually taken are the one foi 
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minimum temperature, sleet, and relatively low velocity of 
wind; and the other, maximum temperature and highest wind 
velocity. With reference to the tower, the former may be 
considered for the present as less serious than the latter, prin- 
cipally since dead weight is such a large factor in the cold, 
and sleet condition and structures for transmission lines are 
thought to carry this more easily than the maximum wind con- 
dition. 

In order to test the tower, once the line details have been 
preliminarily worked out, two methods are possible. 

First, the tower is mounted on a concrete or other firm founda- 
tion and loads applied at various points by means of cables 
suitably equipped with a dynamometer, or, more conveniently, 
as follows. 

Secondly, the tower fastened horizontally. Let А B C rep- 
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resent the structure fastened rigidly to a strong support. Then 
bv calculation the resultant direction and amount of dead 
weight of wire and wind for the wire when two adjacent spans 
are in equilibrium can be determined, and the load corresponding 
thereto can be suitablv applied to the tower, as shown by 
Wp1, Wp2, Wp3, etc. This is the only load brought on the 
tower by the conductors for this condition of the weather, viz., 
maximum wind and maximum temperature. 

By a proper calculation the total stress on the tower can be 
determined. For the purposes of this test, these loads are 
best applied at the girts 1, 2, 3, etc., as shown on diagram, 
and are indicated by W,, W, etc. For the horizontal position 
the dead weight of the tower must be taken into account, and 
W, W, etc., represent the additional amount to equal the 
‚ calculated values. 

From this it 1s obvious that any of the conditions applying 
to tower operation can be properly investigated. Рог example, 
one test can be made of '' dead епа” structures, where the 
strain in the wire (much in excess of that used as its dead weight 
and wind exposure pressure per support for towers under the 
usual service requirements) is appropriately applied at the in- 
sulator pins. 

Horizontal strength or resistance to twisting from one or 
more broken wires (known commonly as torsional strength) 
under any given condition can be easily worked out. 

The maximum amount of load which should be applied 
under these circumstances should depend on the given condi- 
tions of the test. I think that an all-round factor of safety 
of 2 will well meet most commercial requirements, particularly 
if the test is made for a condition of maximum weather effect. 

It is easy to argue that if minimum temperature, sleet, and 
wind are the worst for the wire and that as a matter of design 
this strain'is made equal to the elastic limit of the conductor, 
we have roughlv a factor of safetv of 2 against breakage, coupled 
with a relatively remote possibility of occurrence. The same 
basis of selection might apply to the structure as well. The 
usual specification for a given pull at the insulator pins is only 
a quasi-wire strain; it is practically a test of the strength of the 
tower built up to the pin strength as a basis. 

Structurally, the insulator pin strength is the weak point of 
the ensemble, an average pin strength of approximately 1500 lbs. 
to 2000 Ib. does not give much leeway in the use of a single 
pin for dead end work, nor for a large factor of safety. It is 
surprising, however, how much can be obtained from a given 
weight of material if properly disposed. 

Some time ago I tested two towers in the manner described, 
the only difference of importance being the method of holding 
the diagonal rods a, 6, c, and so forth. The builder of the 
tower emploved what I have termed a button and buttonhole 
method of attachment for the diagonals to the girt. The rod 
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being provided with a button-like end, the girt being cut button- 
hole-wise to receive this. In the second tower the diagonals 
ended in loops and were held by bolts, washers, and nuts to 
the girts or corner parts respectively, as happened to be. The 
total weights were not sensibly changed, and yet the latter ar- 
rangement showed itself much the stronger. 

Strangely enough, the first tower had been successfully tested 
according to specifications by heavy loads applied to the pins 
when in an upright position. The second method showed easily 
how unsatisfactory the other might be as an indication of 
all-round strength. 

The result of all this is a better appreciation of the behavior 
of the tower under service conditions, and leads directly to the 
conclusion that in this wise purchasers of towers can obtain a 
high degree of economy of tower material for a given amount 
of money. 

In these discussions before the Institute cost is more than 
likely to be treated academically. In no place is it more crit- 
ical, however, than in the problem of selection of a transmission 
line support; in fact, despite the many advantages of tower 
construction over its predecessor—the wood-pole line—the first 
cost of a metal tower line constantly tends above the wood pole, 
and of this the tower alone plays a large part, and increasingly 
so as the factor of safety increases. 

With careful selection of design, such a line construction can 
be kept within reasonable limits; but to this end it is necessary 
to emphasize the point that not all towers should be dead-end 
towers; in fact, comparatively few may be so, and the remainder 
must be something less than this. 

Since continuity of service is the final measure of success, 
in such a case it seems to me that any detail of construction 
used in this connection should be tested destructively for type 
before acceptance. In my judgment the test herein described 
is no more burdensome on the tower than standard arcing-over 
tests, etc., now employed for insulators. Each seeks to deter- 
mine the ultimate strength of the respective detail under its 
known possibilities of service. 

Ralph Bennett (by letter): The available data on existing 
transmission lines must necessarily be of a negative character, 
for a line is built to stand. It does so; therefore it is satis- 
factory. The margin of security in such a case is difficult if 
not impossible of determination. 

A factor of safety of 2 against the greatest combination of 
known and assumed strains seems inadequate unless the strains 
themselves contain a large excess allowance. The following 
uricalculated strains occur to a greater or less extent in every 
tower: 1. Irregular loading due to settlement of footings and 
to uneven cable tension. 2. Load due to vertical and horizontal 
angles too slight to warrant special towers. 3. The results of 
line and side guying. 4. The racking effect of unequal adjacent 
spans under temperature changes. 


1532 TRANSMISSION LINE STRUCTURES [June 30 


A factor of safety of 2.5 against the extreme load would give 
a margin between the total calculated loading and the elastic 
limit of 256, of the load. This should be sufficient to produce 
a line which would stand in any weather. It is not sufficient 
to build a line which would just fail under the extreme weather 
condition which can be expected. А line important enough to 
warrant steel or concrete towers will warrant sufficient expense 
to make it secure. 

The Kern River Transmission of the Edison Electric Com- 
pany was designed in 1905 and erected in 1906-7. It has now 
been in active service slightly over 12 months. Part of the 
towers have had wire on them for two winters. 

The essential features are as follows: 


Standard ѕрап.................. 700 ft. 
Size of Cable. се beards cho 4-0 copper, 7 strand 
INO OL Cables уи кела iu does Ө | 
Average height above earth...... 51 ft. 
Base at еагЇ!һ................... 12 by 12 
Depth of footing................ 6 ft. 6 in. extreme. 
Diameter of footing plate........ 24 in. 
Type of бомег.................. 4 post 
Tower bracing.... ise tension rods 
Total wind load on wire (22.5 1b.).6300 Ib. 
Dead load due to wire........... 4050 1b. 
Extreme longitudinal load (due to 

to failure of one wire)........ 3000 Ib. 


No sleet or snow; no temperature below 20? fahr. ; maximum 
temperature 130? fahr. 

At this writing the only difficulty experienced with the line 
has been due to eagles which roost on the lower cross-arm be- 
tween the insulator and the upright. In flapping their wings 
preparatory to flight they cause a short-circuit from the wire 
to the structure. In a few cases this has burned the cable off. 
No tower failures have resulted from this or any other cause. 
Most of the line has as yet but six cables, and as a consequence 
there are as yet no data on the effect of side winds. But the ab- 
sence of three cables renders the effect of cable failures and 
guving much more serious than it will be in the completed line. 

Before issuing the tower and wire specifications an experi- 
mental span of 1000 ft. of a single 19 strand 00 copper cable 
was observed at intervals during about a year. Its perform- 
ance in respect to temperature change was very closely in ас- 
cordance with calculated values. The methods of measuring 
wind proved to be so crude that the results were indeterminate. 
Other observations were made with rods of various shapes pro- 
jected from the side of interurban cars. These results were 
also only approximate. The average of a large number of 
observations indicated that the pressure on round rods was 
less than six-tenths of that on thin flat rods of the same pro- 
jected area for any velocity up to 30 miles per hr. 
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. The method of figuring footings given by Mr. Scholes is based 
on the angle of repose of loose sand. This can scarcely apply 
in firm or sticky or flowing soils. Most tower footings are in 
soils which are at least self-supporting. Such materials as gravel 
and stiff dry clay are very slow in recovering their original firm- 
ness, even if tamped thoroughly. Meanwhile a footing placed 
in a straight sided hole is liable to lift the loose dirt out along 
the line of disturbance with a much less load than that calcu- 
lated by any formula based on an assumed cleavage line. If, 
however, the earth is firm enough to permit of enlarging the 
hole at the bottom so that the sides overhang the footing plate, 
the completed footing may hold more than the calculated 
amount, for the angle of repose of such a soil in a massive body 
such as that surrounding the foundation may be much greater 
than that of sand. 

In setting guy-plates no lineman would think of so placing 
them as to bring the strain against the disturbed earth. In 
ordinary pole-line construction the disturbed earth is subjected 
to direct compression only, yet the only valid reason for the 
deep holes commonly used is to bring the point of maximum 
loading on this earth, so low that it will be held from HOME 
under the pressure by the firm earth surrounding it. 

Where economy would demand the minimum cost to such an 
extreme as to render the skimping of footings necessary, would 
not the use of guyed towers instead of the self-supporting types 
result in a more reliable construction? Such towers would be 
much lighter; they would occupy less room at the base; thev 
could be so constructed that the longitudinal guvs would also 
take the side stratns; and all earth plates would be against 
firm undisturbed earth. Since the variation in load with 
length of span affects the wind load as much as the dead load, 
and as any tower which will stand the stress of erection will 
stand the dead load, the towers could be adjusted to their 
loads by changing the number or size of the guy wires. The 
total weight would be low, as would the erection cost. The parts 
would be stiff enough to stand erection strains without the 
elaborate precautions taken on one or more of the lines recently 
noted in the technical press. It seems almost a truism to say 
that in construction of this character the parts should be few 
and rugged so that the money saved on shop cost need not be 
lost in the field in the handling of fragile members or the locating 
of a large number of small picces. 
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DiscussioN ом ‘‘ DouBLE-DECK STEAM TURBINE POWER 
PLANTS." ATLANTIC City, М. J., Jury 1, 1908 


(Subject to final revision for the Transactions.) 


C. W. Ricker: The additional data which I have to present 
should properly have been included in Mr. Bibbins' paper, but 
as an analysis of all the vouchers had to be made to determine 
these data, which could not be done in time, they will be offered 
as discussion as briefly as possible. The data are as follows: 

Youncstown & Оно В. R.R.—WeEstT Point Power STATION 
Analysis of Cost of Completed Plant, 3000 kw. 
Building and fixtures, Cost Per kw. 

Foundation, general excavation, and concrete 

work including condenser wells and overflows and 

ash tunnel; steel frame and building superstruc- 

ture, ash-handling apparatus, coal trestle, chim- 


ney, smoke flue, and стапе..................... $64,204 $21.40 
Boiler plant, 

Six 400 h.p., No. 200 water-tube boilers, settings, 

furnaces, pumps, heater, piping and covering.... 42,720 14.24 


Condenser plant, 

Three barometric ejector type condensers with 

separate centrifugal pumps, water intake and dam 

including deepening channels................... 19,224 6.41 
Generating plant, 

Three 1000-kw., three-phase, 25-cycle, 400-volt 

turbo-generators. Six 375-kw., 22,000-volt step-up 

transformers, duplicate exciters, switching, and 

protective аррагаћиз.......................... 112,764 37.59 
General expense, 

This includes items not susceptible of distribution 

and part of the expense of supervision.......... 7,252 2.42 


Complete «osi а sae EE ES S ‚.. $246,170 $82.06 
Sub-Station equipment in power station. 
Two 300-kw. synchronous converters with five- 
panel <чмл{сһЬоага............................ 12,600 4.20 


ЖОТА aoa unti to mdi Me es bh eile aeo Wie hs $258,770 $36.26 


This, of course, is a comparatively small station and the 
items of general character, mainly in the building and fixtures, 
are necessarily larger in proportion than they would be in a 
station of greater capacity. These costs were also increased 
materiallv bv the position of the station, which is some seven 
miles from the nearest steam railroad station at which freight 
could be received. The entire building frame and steel work, 
and all of the cement and sand used in the foundation and 
water and ash tunnels, and the machinery and tools used in pre- 
paring and erecting these items, had to be hauled over seven 
miles of bad country roads with steep grades at an expense of 
from $2 to $4 per ton, which amounts to a considerable item. 

The station building has a complete steel frame, which was 
erected on the foundations, before the brick work was begun. 
The accompanying photograph shows the completed frame. 

To show the steadiness of the station, a photograph was 
taken by the Cooper-Hewitt lamps used for general lighting. 
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Fic. 1— West Point power station steel frame. 


2— West Point power station from top of crane, 


Fic. 
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А portable box camera mounted on a light tripod was set up 
on top of the crane which 15 about 33 ft. above the station floor, 
in a position to experience the maximum vibration. А two- 
minute exposure was taken, and a perfectly sharp clear picture 
resulted, which seems to show a degree of steadiness at least 
entirely sufficient for operating requirements. 

J. В. Bibbins: I am exceedingly gratified in Mr: Ricker's 
presentation of the cost of the West Point station. The total 
figure he has quoted, approximately $82 per kilowatt for the 
plant complete, corroborates the figures noted in the paper for 
the cost of the Ft. Wayne station complete, $66.25 per kilowatt. 
Considering the largely increased expense іп transporting 
erecting and building materials to a comparatively inaccessible 
location, it is safe to say that a station of this kind could be 
duplicated in a city like Ft. Wayne for even lower cost. Fora 
complete power station of high-grade construction throughout 
and only 3000 kw. capacity to total as low as $82 per kw., 
emphasizes the principal theme in this study of power station 
construction. With these two excellent examples before us, 
the double-decked type station should, in future station work, 
evidently receive the thoughtful consideration of every power 
plant designer. 

This type 1s applicable not only to the turbine, but also to 
producer gas plants of considerable capacity where the relative 
location of power machinery may be reversed to good advantage 
—the engines upon the ground floor and producers, scrubbers, 
and all auxiliaries on the second floor. Recently a 16,000-kw. 
plant was designed for a large city railway system, in which the 
ground floor area was only 2.25 sq. ft. per kilowatt, accommo- 
dating eight 2000 kw., tandem, horizontal gas-engine units and 
24,000 h.p. in producers, all in a building 336 ft. long, 107 ft. 
wide and 82 ft. high, to the lower chords of the roof trusses. 
In this type of plant the building structure is comparatively 
light by reason of exclusively static loading and the absence of 
extremely heavy parts in producer-gas apparatus. | 
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DiscussioN ON “ INpucTION MOTORS FOR MULTISPEED SERVICE 
WITH PARTICULAR REFERENCE TO CASCADE OPERATION." 
ATLANTIC City, М. J., Jury 1, 1908 
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W. I. Slichter: There is a point in the subject of cascade 
connection of induction motors which the speaker would like 
to hear discussed, as it is particularly important in connection 
with railway engineering. The usual and first idea of the 
result of the cascade connection of induction motors 1s that 
it will make it possible to obtain from a given pair of motors 
a greater torque at a low speed than is obtained in normal op- 
eration, But a closer study of this subject shows that the 
maximum torque of two motors connected in cascade is always 
less than that of cither one of the individual motors. This is 
a proved fact with regard to the operation of motors with like 
number of poles, but it would be interesting to know what the 
relation is with motors having different numbers of poles. 

A. E. Averrett: I have found that in general concatenated 
coupling, when used for a very small range of speed, will work 
out quite nicelv, as it 1s comparable to a relatively small change 
of voltage, with а compensator or autotransformer, but as the 
range of speed increases, the effectiveness of the concatenated 
set decreases. The second motor has all its power carried 
through the first motor, and the first motor will have a great 
impedance drop, so that the effective voltage of the second 
motor, after the current has passed through the impedance 
of the first motor, is low. Furthermore, the concatenated 
motor acts similarly to a single two-speed motor. The lower 
the speed of any induction motor, the lower the power-factor; 
that is, in case the speed reduction is by a change of poles. 
A constant-speed, collector-ring, induction motor will maintain 
approximately constant torque with an efficiency in proportion 
to the speed; a concatenated or multispeed motor, where the 
change of speed is made by shortening the pole pitch, will main- 
tain fairly constant efficiencv, but the power factor goes down 
with the speed reduction. In concatenated motors the problem 
is nearly as much of a mechanical as an electrical problem; 
the diameters become small, distances between bearings centers 
increase, and with the slow speed which we are really trving 
to maintain the question of ventilation becomes important. 
There was recently built a concatenated set for a very peculiar 
service, rolling mill work, where the concatenated motors were 
20 and 16 poles, and the combination 36 poles. It happened 
that the power required for the actual concatenation work, at 
36 poles, was very slight, the main power being at the 20- and 
16-pole speeds. 

Most motor work will require constant torque or perhaps 
torque increasing as the speed drops (constant power). In 
these cases, the low power-factor of the concatenated motor ren- 
ders it extremely difficult to make a good combination at the 
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low speed; but for a close range to the normal speed, as before 
stated, the concatenated motor works very well. 

Elmer А. Sperry: Can anybody here. throw light on the sub- 
ject of returning power to the line when this class of motors is 
employed in traction service, coupled as described? 

H. C. Specht: It has been asked if two motors connected in 
cascade would give any more torque than one of the motors. 
This certainly is not possible unless auxiliary devices are used. 
The motors connected in cascade will have somewhat less or 


Line 


Fig. f. 


not more torque than the average of the two motors, and the 
reason is simply that the current has to pass through both 
motors, which increases the leakage. Аз was mentioned at the 
end of my paper, it is a problem of finding a good phase com- 
pensator, to eliminate the most objectionable features of cascade 
connections. 

In regard to compensated cascade sets, I would like to men- 
tion that several schemes have been suggested in the last few 
years. Whether or not any of these schemes will be adopted 
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for general use and give satisfactory results, is yet an open 
question. 

The method generally used for compensation is that of con- 
necting a synchronous motor or a compensator induction motor 
in the secondary circuit. The motors are then regulated so as 
to produce a leading current. Since this current, with the 
primary current and the magnetizing current of the main motor, 
form a triangle, it is possible to raise the power-factor not only 
to оне but to obtain an over compensation or leading current. 

The following will serve as examples of the methods referred 
to and as described recently by Heyland, Willner, and Kubler 
in German technical periodicals. 
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Fig. 1 shows an arrangement with a synchronous motor (С) 
in the secondary circuit. On the same shaft with the latter 
motor is a direct-current generator which supplies current to 
the second driving motor (B) which is, in this case, a direct- 
current motor. The direct-current machines and the synchron- 
ous motor are excited from a separate direct-current circuit. 

In Fig. 2, compensation is accomplished by means of a com- 
pensated induction motor (D) connected to the secondary 
circuit of the main driving motor and to the other induction 
motor (C), which latter is mounted on the same shaft as the 
compensated motor, and serves as a frequency changer. 
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The second driving motor (B) is also an induction motor and 
is connected to the secondary circüit of motor (С). 

In Fig. 3 is shown a method similar to that in Fig. 1, with 
the exception that the synchronous motor (C) is replaced by 
an induction motor, the secondary of which is connected through 
the collector rings to the armature winding of the driving motor 
(B). 

The foregoing methods serve not only to compensate the 
power-factor, but also allow of starting up the tandem set 


with a great deal less kilowatt input than would be required 
in the case of ordtuary induction motors, on which a great deal 
of power is wasted on the secondary resistance. It likewise 
increases the maximum running torque over that of an ordinary 
cascade set. 

In addition, the schemes as shown in Figs. 2 and 3, permit 
of reversing the set in a comparatively short time and with no 
sudden rush of current, as the inertia in the two driving motors 
15 kept small. The flywheel on the auxiliary motors serves as а 
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storage for kinetic energy. For obvious reasons these latter 
should be designed for high speed. 

Further, we see that the methods above described allow of 
running tandem sets at variable speeds with the minimum 
waste of energy. In some respects they are similar to the 
Ilgner & Leonard reversing systems. 

The method as shown in Fig. З would seem to contain pos- 
sibilities in connection with hoisting, rolling mill, and traction 
service. 
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ALTERNATING-CURRENT FEEDER REGULATORS 


ВУ W. S. MOODY 


The sensitiveness of the incandescent lamp to changes in 
voltage, both with reference to candle-power and life of the 
lamp, demanded very early in the history of electric lighting 
a close control of the voltage on constant-potential circuits. 
With the small direct-current generators that were first used 
this was easily accomplished by the simple field adjustment 
of the generator, but when the size of the generators increased 
and several were operated in multiple, several circuits were 
usually operated from one station bus-bar. With the low voltage 
used in direct-current distribution, the feeders could not have 
a negligible drop; therefore an adjustable artificial loss, in the 
form of a rheostat, had to be inserted in each feeder and ad- 
justed according to the load. We all remember the early 
direct-current stations in which these rheostats took up almost 
as much space as the generators, and consumed enough energy 
to increase materially the cost of operating the plant. In these 
rheostats is found the first elementary feeder regulator. 

In direct-current practice, boosters, storage-batteries, and 
other devices have long since replaced this wasteful and unsatis- 
factory method of control. I refer to such historic methods of 
fecder control only to show how early in the art there arose 
the necessity of devising some means of maintaining the desired 
potential at the center of distribution of each feeder. 

When incandescent lamps were first operated by alternating 
current supplied by high-voltage generators and transformers, 
the need of feeder regulation did not become apparent, because 
it was several years before generators of more than 100-kw. 
capacity were developed; and because attempts at multiple 

1543 


1544 MOODY: FEEDER REGULATORS [Feb. 20 


operation of such generators were few and generally unsuccess- 
ful. For several years then it was the practice to operate only 
one feeder from each generator, the desired control of potential 
being obtained by the field of each generator. With the de- 
velopment of large alternating-current generators, and with 
improvements in their design and the design of the governors 
of their prime movers that admitted of multiple operation, there 
developed the same necessity for the control of individual 
feeders, operated from high-voltage bus-bars, as had years 
before been experienced in direct-current distributions. 

Given an approximately constant potential on the bus-bars, 
a feeder may be controlled: first, by a variable resistance in 
circuit with the feeder; secondly, by a variable reactance in 
series with the feeder; thirdly, by a variable capacity in mul- 
tiple with the feeder; fourthly, by a transformer whose primary 
is in multiple with the circuit, and whose secondary is in sev- 
eral sections, any number of which may be thrown in series 
with the feeder; and fifthly, by a transformer whose primary 
is in multiple with the feeder, and whose secondary is in series 
therewith, and which is so built as to admit of shunting the 
magnetic flux of the primary. 

The first two methods; that is, variable resistance and vari- 
able reactance, have been used to only a limited extent. The 
resistance is objectionable because of the loss of energy and 
both forms fail in accomplishing the desired result, because 
they must make the inherent regulation of the feeder worse; 
that is, the total drop in the feeder is greater than if no such 
resistance or reactance were in series, and consequently every 
time there is a change in load, the change in voltage will be 
greater than if there were no such regulating resistance or 
reactance in circuit. While therefore with careful attention 
the desired voltage may,.on the average, be more closely ob- 
tained by the use of such means of regulation, the variations 
in voltage will be increased rather than decreased. 

Regulation by the use of variable capacity, obtained either 
from condensers or the leading current of synchronous motors, 
is possible only on systems having a large inherent reactance. 
Remarks about this method of control will be deferred until 
later. 

Control by means of a transformer whose secondary is di- 
vided into sections, any number of which may, at the will of 
the operator, be placed in series with the feeder, was one of 


1908] MOODY: FEEDER REGULATORS 1545 


the first methods successfully worked out for the control of 
alternating voltage, and has proved one of the most satisfac- 
tory. Such a transformer may be readily designed to have as 
good regulation of its own voltage under varying load as any 
other transformer, and consequently its introduction into the 
feeder does not materially affect the inherent regulation of the 
system. The only engineering problem of consequence involved 
in the making of this form of regulator, other than the usual 
transformer problems, hes in the design of a switch that will 
allow an easy and safe cutting in and out of the various sections 
of the secondary. 

The remaining method; namely, a transformer in which the 
primary flux may be shunted ordinarily known as an induction 
type of regulator, can be built to have substantially as good 
regulation as an ordinary transformer. It does not have a 
detrimental effect on the inherent regulation of the system, and 
is particularly adapted for use on circuits carrying heavy cur- 
rents, circuits that would require expensive and cumbrous 
switches if controlled by variation of the turns in the secondary 
rather than Ъу the flux passing through the secondary. 

Resistances have been used to such a limited extent that no 
special form has been developed, and there is nothing, there- 
fore, to describe, even historically. "Various forms of react- 
ances, such as simple solenoids with a moving coil or core, or 
a moving keeper to a U-shaped core, were used to a consider- 
able extent in some of the earlier alternating stations. Аз the 
voltage of a series reactance is so far out of phase with the 
voltage of a high power-factor circuit, the volt-ampere capacity 
of the reactance must be very large compared with the results 
obtained, and the inherent regulation of the system 1$ very 
much interfered with by their use. Compared with their use- 
ful work their size is also greatly increased by the fact that the 
greatest effect is wanted when the current in the feeder is 
least, so that there must be turns enough to produce the max- 
imum absorption of voltage when the minimum current is 
flowing. These objections to reactance control are mentioned 
because even engincers are sometimes surprised at the size of 
a reactance necessary to accomplish a given amount of control, 
and also because it is sometimes thought that the transformer 
with variable flux; that is, the induction regulator, controls 
by means of its reactance. This, as I shall show later on, is 
quite an erroneous idea. 
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Transformer type of regulator. The transformer part of 
this type of regulator nced not differ in any essential par- 
ticular from any constant potential transformer of the same 
size and voltage. But some attention must be given to the 
location of the various portions of the secondary, so that when 
all the secondary is in circuit, and also when only fractional 
portions are in circuit, these portions may be located with 
reference to all of the primary windings so as to have little 
magnetic leakage, and therefore good regulation. With mod- 
erate currents this form of regulator is the most efhcient 
and cheapest, as its construction is that of a simple transformer 
and only the needed amount of sccondary 1s in circuit at any 
time. The switch introduces the only complication and limita- 
tion in its use. 

The difficulty of making a switch that will be durable has 
been well solved for a current that does not excecd 250 amperes, 
voltages not above 5,000 or 6,000, and thc voltage per step not 
above 30 to 50. 

It is evident that the switch must pass from one contact to 
the next without directly bridging the intervening space; other- 
wise one section of the secondary will be short-circuited and so 
heavy a current will flow as to cause a vicious arc when it is 
broken, even if the short-circuit 1s not on for sufficient duration 
to overheat the windings. When the current does not excecd 
150 amperes, ог the voltage between steps docs not exceed 30, 
this short-circuit can. be avoided in a very simple manner by 
making the moving blade just а little narrower than that neces- 
sary to bridge between contacts, and by providing any form of 
automatic trip that will quickly snap the blade from one con- 
tact to the next. Under these conditions the continuity of the 
current will be maintained through the arc that bridges the 
slight break, and the counter electromotive force of this arc 
will prevent any considerable current circulating in the section 
of the winding short-circuited by it. 

With larger currents, or higher voltages between steps, the 
arc cannot be depended upon as a preventive against short- 
circuiting adjacent sections; the moving contact arm must be 
made т two parts, insulated from each other but joined through 
a resistance or reactance and connected to the feeder from this 
preventive resistance or reactance through its middle point. 
Such reactance or resistance suitably proportioned and con- 
nected in this manner will avoid the necessity of breaking any 
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current at a given output of the regulator; that is, the potential 
generated across the reactance by the flow of the current through 
it can be made, with a given current, to equal the voltage be- 
tween steps. Consequently when the blade leaves one of the 
contacts there will be no difference of potential between it and 
the terminal that it has left, and therefore no arc. The switch 
must, however, operate under all conditions of load, and therefore 
it is not possible to adjust for no arcing except for one definite 
current. With the best possible proportioning there will be 
arcing enough gradually to destroy contacts capable of carrying 
heavy currents when an attempt is made to use this form of 
switch for heavy duty. When it 1s desirable to use the switch 
type of voltage control for these larger currents, therefore, it 
becomes necessary to use separate contacts for carrying and 
breaking the current. One exccllent way of accomplishing this 
is to have two electrically operated switches or contactors in 
series with each half of the rotating switch whose operating 
circuits are so connected to a small contact device on the main 
switch as to open the auxiliary contactor and interrupt the 
current to either half of the rotating switch just before it breaks 
contact, and again to close the circuit just after 1t has made 
contact with any of the various stationary contacts. With 
this arrangement all the arcing will be removed to the auxiliary 
contactor switches which may be made very heavy and with 
easily replaceable contact surfaces. Regulating switches so de- 
signed have successfully manipulated 320 amperes with 120 
volts per step. 

It is evident that the range of control of a feeder regulator 
can be doubled if the mean of the desired voltages on the feeder 
or feeders be maintained on the bus-bar, and the regulator used 
both to increase and decrease this voltage. The transformer 
type of regulator can be made to operate in this manner by 
adding to the rotating switch, which enables any portion of 
the secondary to be thrown in circuit, an auxiliary switch that 
will reverse the polarity of the primary winding after the switch 
has been once over its range. The switch required for this 
reversal is not a difficult one to design, even for quite high pri- 
mary voltage, since the reversal is made only when the second- 
ary switch is on the zero point of the dial, and when, therefore, 
there is no current flowing in any portion of the secondary 
winding. Under these conditions the primary carries only 
magnetizing current, which, on a regulator of 50 kw. or smaller, 
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is a current easily handled. A typical form of this type of regu- 
lator is shown in Fig. 1. 

Induction regulators. 'The induction or magnetic shunt type 
of regulator differs from the transformer type of regulator in 
that all the primary and secondary windings are constantly in use. 
Different types vary. the secondary voltage either by moving part 


Fic. 1.—Switch type of feeder regulator with reverser. 


of the iron core or one of the windings, or one of the windings and 
part of the core; the whole or any part of the flux generated by 
the primary threading the secondary according to the position of 
the moving part. Onc of the forms is interesting because of its 
simplicity, and because of its early development. It consisted of a 
-U-shaped core with a primary winding around the center leg of the 
core, the length of the primary coil being only about one-third the 


1908] MOODY: FEEDER REGULATORS 1549 


length of the core. The wire space was long and narrow, so 
that the portion on the core which projected beyond the primary 
winding formed an air-gap of moderate reluctance even when 
an inch or more in width. Concentric with the primary coil 
was a secondary coil, having the same length of layer, to which 
the circuit was connected by flexible cables. By means of long 
screws engaging with nuts on the ends of the secondary coil, 
the secondary was moved along in the direction of the axis of 
the core from the position where it entirely covered the primary 
to a position at the open end of the core. When the secondary 
covered the primary there was little magnetic leakage, and 
the full secondary voltage was obtained. As the secondary 


Fic, 2.—Induction regulator with movable coil. 


was withdrawn from the primary, a larger and larger percentage 
of the flux crossed the air-gap rather than thread the secondary 
coil, until, when the secondary coil was fully withdrawn, prac- 
tically all the primary flux was driven across the air-gap in the 
space between the primary and secondary. A reversing switch 
in the primary gave the secondary a double range of control. 
This form of regulator was developed in 1891. It is shown 
diagrammatically in Fig. 2. А considerable number of these 
are installed in that historic early transmission of power from 
Willamette Falls into Portland, Oregon, and are in service 
to-day. I mention these as being, as far as I know, the earliest 
successful attempt to build feeder regulators of the induction 


1550 MOODY: FEEDER REGULATORS [Feb. 20 


type. This form was somewhat objectionable in that a recti- 
linear motion of coils or core is always more difficult to arrange 
for mechanically than a rotating motion; and, secondly, because 
the air-gap must be large to allow the secondary coils to move 
through it, consequently the magnetizing current tends to be 
greater than in other types where the air-gap may be verv 
much less because the moving coils do not pass through the 
air-gap. 

The second type of induction regulator developed had sta- 
tionary primary and secondary coils located at right angles to 
each other, and a cylindrical core through which these coils 


Fic. 3.— Induction regulator with movable core. 


passed. The center portion of the core could be rotated in 
such a way that any desired part of the flux of the primary coil 
would pass through the secondary coil. 

This form of regulator, see Fig. 3, is due to Dr. Steinmetz, 
and was really the forerunner of all the forms of induction 
regulators that have become so successful and useful. The air- 
gap in such a construction can be made very small, even less 
than in an induction motor, because there 15 no rapid rotation 
or wear of bearings to provide for, and consequently the mag- 
netizing current need not be greatly in excess of that taken 
by a transformer with no air-gap. The particular form first 
developed was limited in its capacity, due to the fact that the 
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primary and secondary were so far from each other that the 
mutual reactance was high, and inherent regulation conse- 
quently poor. 

The third form of induction regulator to be developed his- 
torically resembles an induction motor in its general construc- 
tion; the primary corresponds to the field and the secondary 
to the armature winding of an induction motor, not of the 
squirrel-cage type, but one with windings that are insulated, 
the terminals of which are brought out for purposes of control. 
This form of winding, with its many slots per pole and with 
only a very slight air-gap, forms a transformer having low 
mutual reactance between primary and secondary when the 
moving core and coils are in such position that the axes of the 
primary and secondary coils coincide. As the core is moved 
so that these axes are out of line, not all of the primary flux 
cuts the secondary winding, and the induced voltage in the sec- 
ondary gradually falls, until, when each secondary coil is mid- 
way between adjacent primary coils, there is no voltage induced 
in the secondary. When the secondary winding is midway 
between the primary winding, however, it will, if it 1s carrying 
current, set up a heavy flux of self-induction which will close 
itself through the adjacent core between the adjacent primary 
coils. The result 15 a poor regulating device except at or near 
the full load position. This objection was nicely overcome by 
Dr. Steinmetz, who placed between each primary coil a dis- 
tributed winding short-circuited on itself, so located that it is 
cut not by the primary flux but by the secondary self-induction 
flux just in proportion as the secondary moves away from the 
influence of the primary flux. Both the regulator with the 
single coil windings and that with the distributed windings can 
evidently be used to either raise or lower the voltage by simply 
rotating the moving core and coil through the angular distance 
corresponding to the polar pitch. 

All forms of regulators so far described have been for use 
on single-phase circuits only. The distributed winding just 
described lends itself perfectly, however, to three-phase wind- 
ing, and is much more efficient in three phase than in single 
phase circuit, because with the three-phase connection the short- 
circuited winding may be dispensed with, since the winding of 
the other phases naturally falls in the same location as the 
short-circuited winding, and acts with equal effectiveness in 
eliminating the flux of self-induction in the adjacent secondary. 
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With a multiphase winding, a secondary coil in one phase, as 
it passes out of influence of a given primary coil, passes into the 
field of a primary coil in the next phase. The result is a con- 
stant voltage generated in each of the secondary coils regard- 
less of their position with reference to the primaries. The 
phase relation between this secondary voltage and the phase of 
the feeder circuit, with which it is in series, however, varies 
directly as the secondary coil is displaced with reference to 
the primary coils of the same phase. The result is that while 
the voltage measured across the secondary remains constant, 
its effect on the circuit, due to the phase displacement, varies 
from zero to maximum, and exactly as if the voltage and not 
the phase relation varied. 

Feeder regulators of the induction type have for several years 
been built in all sizes from 3 kw. to 1000 kw. The larger sizes 
are seldom used for what could be properly called feeder regula- 
tion although some having several hundred kilowatt capacity 
have been built for the control of high-voltage feeder lines de- 
livering current to sub-stations of several thousand kilowatt 
capacity. Most of the larger capacity, however, especially those 
having three-phase windings, are used to control the voltage de- 
livered to synchronous converters, so that the voltage on the 
direct-current side may vary in accordance with the require- 
ments for bus-bar potential, or for the charging of the storage- 
batteries used for feeder control and storage purposes. 

It is rather interesting to note, in view of the fact that in- 
duction regulators larger than 300 or 400 kw. are still quite 
infrequently called. for, that the first induction regulator which 
was attempted, was built fifteen years ago, and had 450 kw. 
single-phase capacity. 

Automatic control of feeder regulators. А A feeder regulator may 
have ample capacity to compensate for any changes in bus-bar 
potential or any varying drop in the feeder, and yet the voltage 
at centers of distributions may be far from satisfactory in its 
steadiness, due to the inattention of the station attendant or 
to his inability to change the regulator as rapidly as the varia- 
tions in bus-bar voltage or feeder losses may require. More- 
over, if an attempt is made to overcome this weakness by ad- 
ditional attendants, the increase in operating expenses occa- 
sioned thereby may be very considerable. 

Many plants now receive current from large power systems, a 
large part of whose output is absorbed by railway and other 
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motors, whose demands for current vary so rapidly that even if an 
attendant were constantly watchine the voltmeter, in the attempt 
to adjust the feeder regulator to compensate for the changes 
in bus-bar potential, he would find it entirely impossible to 
control the voltage as rapidly as is necessary for good life or 
good service with incandescent lamps. 

It was not, therefore, until about two years ago, when the 
first successful devices were developed for automatically oper- 
ating various forms of feeder regulators, that feeder regulators 
assumed their proper and important sphere in electrical distri- 
bution of power. 

It will be recalled that various more or less successful at- 
tempts have been made in the past to control automatically 
the potential of generators. The first really successful of these 
was perhaps the Edison regulator for direct-current generators. 
The device consisted simply of a rheostat with a special form of 
rotating arm and contact device moving through a range of 
only 45 degrees or so, and controlled by solenoids in shunt with 
the commutator of the machine. It was reasonably successful 
in isolated plants, put did not admit of satisfactory operation 
on large plants where the generators had to be operated in mul- 
tiple. 

Various forms of mechanism for automatically controlling 
the field rheostats of generators have been developed and are 
used with moderate success, but they are all too slow in their 
mechanical operation, and many of them too complicated to be 
extensively used. 

In 1891 or 1892 Elihu Thomson made the first attempt to 
use the only principle of automatic control of generators that 
has ever proved itself entirely equal to meet all requirements. 
He met the problem with characteristic boldness of method. 
Instead of working on a rheostat which must of necessity be 
slow in operating, he used a series-wound exciter, and brought 
out two taps from the field winding of this exciter so located 
that when these taps were joined together a sufficient number 
of the series turns of the field were short-circuited to give the 
minimum voltage required to excite the generator under no 
load. When this short-circuit was removed and the full wind- 
ing was in circuit the maximum voltage necessary for the ex- 
citation of the generator under its greatest designed overload 
would be generated. Не then designed a special form of con- 
tact-making voltmeter capable of very rapid response to changes 
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in voltage, and connected the two taps from the field of the ex- 
citer to two contacts of the voltmeter. When the voltage was 
too high on the generator, the voltmeter's contacts would 
short-circuit this portion of the exciter's field; when it was too 
low it would remove this short-circuit. Except at no load 
and full load, of course, there was no position of equilibrium 
for the voltmeter. It therefore vibrated rapidly, making and 
breaking the shunt-circuit on the exciter's field, and gave an 
average voltage dependent on the percentage of time that the 
contacts were closed or open. The device would undoubtedly 
have been immediately successful if it had been first tried on a 
moderate size of generator requiring so small an exciter that an 
ordinary silver or platinum contact on the voltmeter would have 
stood up under the constant making and breaking of the cir- 
cuit. Unfortunately, however, it was tried on an 80-рае, 
400-kw. slow-speed single-phase generator. This was a very 
large machine for those days, and 30 kw. or so were required 
for excitation. It was found necessary therefore in order to 
protect the contacts to have an exciter for the exciter, and to 
operate the voltmeter on the small exciter. 

With these three magnetic systems operating in succession 
there was just enough lag between the operation of the volt- 
meter and the response in the voltage of the alternating-current 
generator to make the operation a failure; that is, the voltage 
of the generator surged over a range of three or four per cent. 
at a frequency of six to eight cycles per minute. It was not until 
Mr. Tirrill took up the problem along the same lines several 
years later that this ideal method of controling the voltage of 
a generator was successfully perfected. 

The Tirrill method differs from the Thomson method only 
in that the vibrating contact short-circuits a resistance in 
series with a shunt ficld exciter, and that the voltmeter is pro- 
vided with a special alloy of iridium for the contact points; 
this makes it possible to handle current and voltage quite im- 
possible to handle with any other metal when the circuit is so 
rapidly made and broken. The wonderful success of the Tirrill 
regulator in controling all forms and sizes of generators is doubt- 
less well known to us all. 

A slightly modified form of the Tirrill regulator has been 
developed and applied to the control apparatus of feeder regu- 
lators, and as a result their value and field of usefulness were 
immediately increased many fold. 


1908] MOODY: FEEDER REGULATORS 1555 


Of all the various forms, the induction type of regulator, 
free as it is from all moving contacts, lends itself most readily 
to automatic control. А small motor is readily attached to 
the same mechanism that is used for hand operation. А switch 
capable of starting, stopping, or reversing this motor can be 
easily operated magnetically, and this in turn be controlled by 
a modified Tirrill contact-making voltmeter. Fig. 4 shows an 
automatically operated regulator of this type. 


Fic. 4.—Induction regulator with distributed windings, movable core and 
‚ Coils automatically operated. 


When the changes of the voltage of the feeder, due either to 
varying load or to varying bus-bar potential, are fairly slow, 
this method of automatic control leaves little to be desired. 
When somewhat greater rapidity of control is needed, this can 
be accomplished by keeping the motor in constant rotation and 
using magnetic clutches whose excitation 15 controlled by the 
contact-making voltmeter, thereby saving the time for the 
motor to come up to speed. 
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Many feeders have such rapidly varying loads furnishing 
current to elevators or hoisting machinery, for instance, or 
they are operated from bus-bars whose potential changes so 
rapidly, that some form of regulator, in which it is not neces- 
sary to move so great a mass as must be moved in the induction 
type regulator, becomes necessary. Under these conditions one 
naturally turns to the transformer type of regulator, where the 
only moving part is the rotating arm of the switch. But the 
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Fic. 5.—Connections of switch type of automatically operated regulator. 


forms of these switching devices which have been previously 
used offer an almost unsurmountable mechanical difficulty to 
rapid rotation in the step-by-step automatic snap motion that 
is required in passing from each step to the next. 

A new form of such switch, however, has been successfully 
worked out in the solving of this problem. The details of this 
switch will be best understood by referring to Fig. 5, but can 
perhaps be generally understood from the following description: 
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` The moving element consists of a series of fingers, the majority 
of which are always in contact with two of the stationary con- 
tacts. Each finger is connected to a corresponding stationary 
collector ring by means of a suitable brush, and each collector 
ring is connected to the line through a preventive resistance. 
The individual fingers do not span the spaces between the ad- 
jacent contacts, but the arrangement of the combination is 
such that when the center of the top finger is on the center of 
one contact, the center of the bottom finger will be on the 
center of the next contact, the intermediate fingers being 
spaced so that the centers of all are on a straight line, joining 
the upper and lower fingers. The resistances which connect 
the several fingers to the line not only prevent excessive ex- 
change currents as the fingers pass from contact to contact, but 
cause the change in the secondary voltage to be gradual rather 
than in steps. The moving member may therefore be left in any 
position whatever, and a much closer adjustment of voltage 
is obtained than by the switch which passes in one movement 
from each step to the next. 

The moving parts of this form of switch can be made so light 
and compact that a very small motor, acting through suitable 
gearing, will move it from rest round the entire circumference 
of the contact points, covering the entire range of control of 
the regulator in from two to three seconds. Such a device, 
operated from a constantly revolving motor by means of the 
magnetic clutch and the rapidly vibrating contact-making volt- 
meter, cannot, of course, forestall needed changes in voltage, 
but it comes about as near doing so as can be imagined when 
parts having any appreciable mass are to be moved. Fig. 6 
shows two simultaneous charts, the first showing the line po- 
tential and the second the feeder potential after having been 
regulated by this type of regulator. We find that with such a 
device, а source of varying potential which no one would think 
of using for any other purpose than the operation of motors, 
becomes available to give entirely satisfactory incandescent 
lighting service. 

So far no attempt has been made to develop this form of 
regulator for handling much more than 150 amperes. The 
slight wear that must take place on the rapidly moving parts, 
and the generally increased complexity of the mechanical parts, 
makes it desirable to use the induction type of regulator for 
automatic work whenever it will fill the requirements as to 
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speed; where it will not fill these requirements there need be 
no hesitancy in making use of the more sensitive rotating 
switch type, provided the work comes within the range of its 
capacity. Fig. 7 shows a regulator of this type. 

. Just a few words as to how the automatic regulator may be 
adjusted to give constant potential at the center of distribution 


Fic. 6.—Charts showing the operation of the automatic switch type of 
regulator. 


rather than at the station. The first method that would prob- 
ably occur to any one would be to bring back from the center 
of distribution potential wires which would be connected to 
the terminals of the contact-making voltmeter. This is not so 
simple or satisfactory as it might seem, for the expense of run- 
ning the wires is by no means negligible, and unless they are 
carefully crossed to avoid induction, current in the fecders might 
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induce sufficient voltage to make the voltmeter's operation 
quite inaccurate. А simple means of accomplishing the result, 
which is often all that is necessary, is to have on the winding 
of the contact-making voltmeter an auxiliary winding connected 
to the secondary of a suitable current transformer, whose primary 
is in series with the feeder. If the windings of current trans- 
former and voltmeter are properly proportioned and connected 
so that the current from the current transformer opposes the 


Fic. 7.—Automatically operated switch type of regulator. 


current in the shunt coil, the voltmeter will become differential 
in its action to any desired extent and will cause the feeder 
regulator to give a voltage which will increase the voltage across 
the feeder in proportion to the drop in the feeder. This simple 
method will, however, only increase the voltage in proportion 
to the current in the feeder. But this is not all that is neces- 
sary, as the drop in the alternating-current feeder is not only 
proportional to the current it is carrying, but is also roughly 
inversely proportional to the power-factor of this current. То 
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obtain constant potential at the center of distribution under 
all conditions of load, therefore, it becomes necessary to feed 
the differential winding of the voltmeter from a source of voltage 
that will be proportional to the voltage lost in the feeder under 
all conditions. This is nicely accomplished by a device com- 
monly known as a line drop compensator, which consists simply 
of adjustable reactance and resistance placed in series with the 
secondary of a current transformer placed in the feeder. By 
adjusting the reactance and resistance in this device so that 
they bear the same relation to cach other as do the reactance 
and resistance of the feeder to be controlled, a source of voltage 
which will give the desired effect on the differential winding 
of the contact-making voltmeter will be obtained, and absolutely 
constant potential will be maintained at the center of distribution 
under all conditions of current and power-factor. 

The improved quality of the service which can be given when 
suitable automatic potential regulators are made use of, and 
the increase in the life of the incandescent lamps which results 
therefrom, should be sufficient inducement to make the installa- 
tion of automatic control well-nigh universal. There is perhaps 
a more direct effect accomplished by their use which- would 
appeal more strongly to many station managers, simply because 
the economies resulting are more evident. I refer to decreased 
station attendance. 

The time 1s fast coming when nearly all service feeders will 
emanate from sub-stations rather than generating stations, these 
sub-stations being supplied from either distant water powers ог 
great steam generating stations. In fact, a large proportion 
of electrical power is so distributed already. Such stations 
frequently have no rotating machinery, and if they do it is 
usually of so simple a character that it needs very little attention. 
Watching the voltmeter on the various feeders, and adjusting 
‚ the feeder regulators, therefore, becomes almost the sole work 
of the attendants in such a sub-station. 

One attendant can satisfactorily watch only one voltmeter, 
and adjust one feeder regulator at a time, and therefore if reason- 
ably good service under varying load or varying potential re- 
ceived at the sub-station 1s to be accomplished, it is necessary 
to have an attendant for almost every feeder, and even then 
the service may be very poor. It is in eliminating the necessity 
of these attendants, therefore, that the greatest direct economy 
can be accomplished by automatic regulators. 
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DISCUSSION ON " ALTERNATING-CURRENT FEEDER REGULA- 
TORS." TORONTO SECTION, FEBRUARY 20, 1908. 
(Subject to final revision for the Transactions.) 


R. G. Black: We have used regulators of all the types de- 
scribed and have found them to give good results in practical 
operation. The automatic regulator is particularly interesting 
inasmuch as it keeps the voltage at the centre of distribution 
constant and takes a great deal of work off the station operator. 

I am sorry that Mr. Moody did not discuss the relative merits 
and disadvantages of several other tvpes of regulators; for 
instance, a type consisting of a transformer, the low-tension 
side of which is in series with the line and the high-tension side 
energized from an auto-transformer placed across the line. By 
means of taps brought out from the autotransformer, the 
voltage on the primary of the series transformer is raised or 
lowered and the regulation thereby effected without breaking 
the heavy current which is flowing in the circuit. In this way 
a gradual raising or lowering of the voltage may be effected, 
and it 1$ the writer's opinion that there will be very much less 
wear at the shifting contacts. However, there may be other 
disadvantages which more than counterbalance this feature. 

The ease with which a feeder regulator makes it possible to 
regulate a number of alternating-current circuits, from one 
bus-bar stands out in great contrast with the low-tension, direct- 
current system, which necessitates having two or more sets of 
bus-bars each energized by separate generators and then switch- 
ing devices to transfer the feeder from one bus-bar to another. 

J. Kynoch: A large number of lights and some motors were 
required in a large building, and the only available source of 
supply was feeder to a suburban railway. Ц was found that 
the voltage at the end of this feeder varied from 350 to 575. It 
was proposed to use a direct-current motor-generator set, the 
motor being wound for 500 volts normal, and the generator for 
220 volts. In order to keep the speed of motor and voltage of 
generator constant, a Tirrill regulator was arranged to be 
placed on the fields of each machine, the relays on the motor 
fields being so connected that as the voltage of the railway 
feeder changed the field strength of the motor would be varied, 
and in this way the speed kept constant. The only other re- 
quirement was that the design of the motor should be such that 
the motor should be capable of giving the required output at 
the minimum voltage for such length of time as such low voltage 
may exist. 

The regulator on the generator was applied їп the usual manner 
and was arranged to give either constant terminal voltage at 
the generator or a constant voltage at the end of main lighting 
feeder. In this wav an eminently satisfactory control of 
voltage was obtained from a source which under ordinary cir- 
cumstances would be quite impracticable for incandescent 
lighting. 
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Another wav to meet the above conditions would be to applv 
a Tirrill regulator to the generator fields onlv, and allow the 
motor speed to vary with changes in feeder voltage. This, 
of course, needs a specially designed generator to give the nor- 
mal voltage at minimum speed, and also means using a field 
theostat of very high resistance, in order to reduce to normal 
the high voltage at maximum speed. 

Mr. Moodv refers to the possibilitv of voltage regulation bv 
using capacity such as the leading current from synchronous 
motors. I should like to enlarge upon this as follows: The 
voltage regulation of alternating-current power feeders having 
considerable reactance can be accomplished by applying a 
Tirrill regulator to the exciter of a synchronous motor connected 
to the ends of such feeder. In this way not only practically 
constant potential can be maintained but also high power-factor 
due to the regulator varving the excitation of the svnchronous 
motor and thus causing the same to supplv leading or lagging 
current as the voltage of the circuit drops or increases, re- 
spectively. 

This scheme is especially valuable on 60-cvcle transmission 
lines as the inductive losses on such lines are usually considerable, 
and consequently the line regulation is very much worse than 
on a 25-cvcle circuit carrying the same class of load. Of course, 
in order for a motor successfully to regulate a transmission line, 
it would be necessary for the motor to carry a reasonable pro- 
portion of the load, probably in the neighborhood of 30 per cent., 
but а larger proportion would be better. It 1s, of course, assumed 
that Tirrill regulators would be connected to the generators at 
the power station, so that the motor would not have to do an 
abnormal amount of regulation. 

В. S. Kelsch (by letter): One Canadian company has a 
number of induction regulators in service, some of which have 
been in operation almost ten vears. These regulators vary in 
size from 40 kw. to 800 kw. capacity each. There are а num- 
ber of 40-kw. oil-cooled regulators used in connection with 
synchronous converters and several 40 kw. air-cooled regulators 
used in connection with three-phase feeders. The company 
also has two 350-kw. air-cooled and one S00-kw. three-phase 
regulators used in connection with sub-station work. 

In the sub-station, the power 15 received at a voltage which 
varies according to the demand made by the different sub-sta- 
tions on the line. In one instance the power is received at 
approximately 11,000 volts stepped down to 2300 volts. This 
pressure is used for power service. For the lighting load, the 
same power 1$ delivered to a second bus-bar through a 350-kw. 
regulator, which automatically maintains the voltage required, 
depending upon the load on the lines. 

The 40-kw. regulators are used for individual feeders, where 
the load varies considerably. For example: the company has 
а feeder three miles long, which, during the day time delivers 
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power to a large induction motor for pumping purposes. The 
load on this line varies during the 24 hr. from 10 to 100 per cent. 
and the power-factor changes from 80 to 95 per cent. It would 
be impossible to handle this business without induction regu- 
lators. 

In one of the sub-stations, 14,000 h.p. is received and a large 
portion of the power distributed locally, the balance distributed 
to a considerable distance. The same pressure would not suit 
both purposes, but the 800-kw. induction regulator makes it 
possible to receive a pressure suitable for local distribution, and, 
at the same time, transmit the balance of the power a con- 
siderable distance, delivering it at the required pressure. 

During the ten years these regulators have been in service 
there has not been one accident, failure to work, or interruption 
of anv kind due to the regulator, notwithstanding the fact that 
most of the regulators are exposed direct to the line. 
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DiscussioN ом “А TRIGONOMETRIC METHOD FOR THE SOLU- 
TION OF ALTERNATING-CURRENT PROBLEMS." ATLANTIC 
City, N. J., Jury 2, 1908 


(Sudjyect to final revision for the Transactions.) 


Comfort A. Adams: Eight or ten years ago I worked out, 
for the purpose of transmission line calculations, a method 
which, with tables and curves, was an almost exact equivalent 
of Mr. Pender's method. If one had frequent occasion to make 
transmission line calculations these tables and curves would be 
a great assistance, but for infrequent use it takes longer to 
become familiar with the method than to solve the problem 
by the long way. 

Moreover, I cannot help viewing a matter of this sort from 
the standpoint of the teacher, and from that standpoint it 
seems to me that these short-cut methods are undesirable since 
thev do not bring out step by step the physical meaning of the 
problem; they do not keep one reminded of exactlv what one 
is doing, and an error 1$ less likely to be detected. The natural 
method has proved more serviceable in my own work, where a 
given tvpe of problem is considered occasionally, and I think 
it far more valuable for students. However, I do not wish to 
minimize the value of any such labor-saving device, as it has a 
legitimate field where it serves a most useful purpose. 

W. А. Del Mar (by letter): The treatment of alternating- 
current problems has been subject to rapid evolution. When 
Dr. Steinmetz’s method of imaginary quantities appeared it 
seemed that the summit of development in that line had been 
reached, but Mr. Pender's method 1s as great їп advance of the 
Steinmetz method as the latter was of the plain vector method 
which preceded it. It is a more important advance than that 
due to Steinmetz’s method, because it places the solution of 
alternating-current problems within the reach of those of very 
limited mathematical training. 

To the teachers, Mr. Pender's method should particularly 
commend itself, as it can be quickly acquired and students can 
be taught the solution of alternating-current problems before 
they reach the fairly advanced mathematics. One effect of 
this would be the possibility of inculcating elementary ideas 
about alternating currents before the professor of mathematics 
had propounded the theory of vectors and imaginary quantities. 

А preliminary reading of the new method gave the impression 
that for didactic purposes 1t would suffer from the disadvantage 
of not offering а direct physical understanding of the various 
operations. This impression soon vanished, however, when the 
ease of working became apparent, for the observations of the 
writer have led him to believe that only a small ро! Поп of tech- 
nical graduates understand the theory of alternating-current 
machinery so that they can apply 16 to the solution of practical 
problems. This condition arises either from indifference to 
mathematics, or from the ease with which the subject is for- 
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gotten in after years. ТһҺе simplicity of Dr. Pender's method 
overcomes these two difficulties in an admirable way. 

The writer has had occasion to try the new method to solve 
a number of problems, including the eddy-current brake and 
transmission problems, and has found the application extremely 
simple in every case. 

L. W. Rosenthal (by letter): I should like to point out the 
character of the error resulting from the approximation for E, 


| | | | 
TABLE OF VALUES OF (0 - ф) FOR WIRES 4 FEET APART- POWER FACTORS LAGGING 


SIZE | 25 CYCLES РЕЯ ВЕС. | 60 CYCLES РЕН ВЕС. |125 CYCLES PER ВЕС. 


Р.Р. = iis P.F.- РЕ.= Р.Р. = Р.Р. = P.F, = Р.Е. = 


PLUS PER CENT. CORRECTION TO D = МО 


Í VOLTAGE 1083 IN TER 
10 


40 
ANGLE (9 + ф ) IN DEGREES 
Fic. 1 


between formulas (17) and (18). Denoting the power-factor 
angle of the load by $ and that of the line by 0, the error will 
depend on (0 + $) for leading currents and оп (0 — ¢) for lagging 
currents. The error also depends on the per cent. voltage loss. 
The attached curves show the correction which must be applied 
to the approximate values of D, from which it is evident that 
for the range of 0 to 20 per cent. loss the approximation is 
sufficiently close only to about 45°. The values of (0 — $) for 
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various wires, frequencies, and lagging power-factors are shown 
in the table on Fig. 1. | 

As an extreme case of the possible error, suppose in the first 
numerical example that the frequency be taken at 125 cycles per 
second, the power-factor at 100 per cent., and the load reduced to 
3500 kw. in order to obtain about the same voltage loss. The 
exact formula (17) will then give a voltage loss of 21.8 per cent., 
while the approximate formula (18) shows a loss of 12.8 per 
cent. In other words, the “ approximate value" requires a 
correction of 70 per cent., as 1s also shown by the curves at 75° 
and a loss of 18 per cent. of the generated volts, corresponding 
to 21.8 of the received volts. In the example chosen by the 
author (0 — ф) equals 17°, and hence the error is small. 

Although the author has drawn attention to the increasing 
error of the approximation by the letters a, 6, and с in Table 
ПТ, yet it would have been better to omit the values below с, 
which approximately correspond to (0+Фф) equals 409. It seems, 
therefore, that for high frequencies or power-factors, and for 
large wires or per cent. voltage losses, the approximate formulas 
(18) may give erroneous results. They should not be used in 
any case where the drop-factor M 15 below the c of its column. 
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Discussion ом “ NOTES ON THE ELECTRIC HEATING PLANT OF 
THE BILTMORE EsrATE." ATLANTIC City, М. J., JUNE 29, 
1908 


(Subject to final revision for the Transactions.) 


Percy H. Thomas: This paper is a little out of the ordinary, 
but the subject which it treats is well worth the attention of 
light and power men, as indicating how under certain condi- 
tions additional load may be gotten. I think the main lesson 
to be taken from what Mr. Waddell says, is that it 1s necessary 
to treat such matters as engineering problems when dealing 
with electric heating on a large scale, just as in the case of the 
boiling of water оп a large scale in steam-clectric plants. The 
heating of tea kettles and curling irons can be handled satis- 
factorily without special engineering training, but when large 
quantities of water are to be heated by electrical means of any 
kind it is necessary to treat the case as an engineering problem. 

Elmer A. Sperry: Will Mr. Waddell please give us the de- 
tails of his flash boiler? 

Charles E. Waddell: The boiler is made of five 3-inch pipes, 
each six feet long; around each pipe a heating clement is wound. 
The elements are externally protected, and thermally insulated, 
with metal jacket and dead air space. All five tubes connect 
together at the top, forming a steam header. Water, from the 
hot water svstem, enters at the bottom of the tubes, the quan- 
tity admitted being controlled by an automatic regulator the 
function of which is to maintain the water-level at a fixed point. 
The boiler ts also provided with a low-pressure safety-valve, 
the discharge from which is conducted into a nearbv waste 
pipe. In operation the device is cleanly, noiseless, and auto- 
matic. 

John H. Finney: At what price must current be purchased 
in order to compare with fuel—anthracite coal, for instance? 

Charles E. Waddell: Tests on the large steam heating boilers 
at Biltmore have demonstrated that under normal working 
conditions their efficiency is about 50 per cent. Assuming that 
a pound of anthracite coal has a theoretical heating value of 
14,000 B.t.u., and allowing an efficiency of 50 per cent., the 
effective value would be 7000 B.t.u. A kilowatt-hour is prac- 
tically 3500 B.t.u., and hence a kilowatt-hour is equivalent to 
two pounds of coal, assuming of course, that the kilowatt-hour 
is delivered at 100%. efficiency. 

Anthracite coal with us costs from $10 to $11 per long ton, 
virtually one-half cent a pound. To be on a parity, two kilo- 
watt-hours would have to cost one-half cent, hence at a rate of 
one-fourth cent per kilowatt-hour. 

Taken on the whole this is not altogether a fair comparison; 
for while it establishes the physical equivalent under working 
conditions between fuel and electrical energy, it does not take 
into account the time-element and stand-by losses, both of 
which are important factors in the economy of any plant. 
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Where the actual use of heat is a small percentage of the total 
time, entailing as a consequence large stand-by losses; wherc 
the service is intermittent; or where the fuel plant is small 
and the item of attendance large in proportion to the service, 
the cost of electricity could easily be two or three cents per 
kilowatt-hour and still effect economy. | 

То compete successfully with fuel in plants of magnitude— 
our house heating plant for example, where the steam boiler 
capacity is some four hundred horse power—electrical energy 
at from three to five mills per kilowatt-hour would in all proba- 
bility be equivalent to coal at $10 per ton. 
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DISCUSSION ом ‘“ THE RELATIVE PROPORTIONS OF COPPER AND 
TRON IN ALTERNATORS.” ATLANTIC City, М. J. Jury 2, 
1908 


(Subject to final revision for the Transactions.) 


W. L. Waters: Mr. Fechheimer is to be congratulated on 
the success obtained in his attempts to reduce the design of 
alternators to a series of mathematical formulas. А good many 
attempts have been made in the past to reduce electrical 
machine design to an exact science, but they have met with 
little success. The first attempt was made in regard to trans- 
former design, when rules for the most economical dimensions 
were formulated by various engineers, but even in this ex- 
tremely simple case such rules met with very little success. I 
think that such attempts onlv serve to emphasize the well 
known statement that electrical machine design is an art and 
not an exact science. 

In the case of an alternator, there are many variables, such as 
voltage, speed, and frequency, which make radically different 
designs necessary, and these different designs may again intro- 
duce further complications in regard to cooling and windage 
of the machine. This being the case, it is not surprising that 
Mr. Fechheimer finds such extreme variations in his constants. 

I think this paper is more useful in an academic way than 
as an assistance in practical designing. The probability is that 
for practical commercial designing we shall find it necessary to 
keep to our old method of trial and error, basing our designs 
and changes in design on past experience. Mr. Fechheimer 
wil no doubt find that so much latitude must be allowed in 
fixing his constants that his method will in the end practically 
amount to a trial and error method, similar to that which has 
been in use for the last fifteen vears. 

Comfort A. Adams: While there is undoubtedly much truth 
in what Mr. Waters says, there is, on the other hand, no doubt 
as to the very great usefulness of a general analysis of design 
problems carried out as indicated in Mr. Fechheimer's paper. 
This is particularly true in the case of a new line of machines 
where the limitations introduced by the necessity of employing 
old frames or stampings are absent; but even in many other 
cases the general analysis reduces the amount of the cut-and-try 
process and renders the work of design more rational. Design- 
ing engineers are too much inclined to assume, because their 
machines operate satisfactorily and are reasonably successful 
commercially, that they cannot be improved. That this is far 
from true in many cases would, I feel sure, be made clear by 
the application of just such methods of analysis to machines 
which are the results of years of the cut-and-try process. Of 
course, as Mr. Waters intimates, a vast amount of practical 
experience and judgment is necessary to produce a good com- 
mercial piece of apparatus; but can there be any doubt that the 
more rational, scientific, theoretical, general analysis of this 
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sort, when illumined bv the same experience and judgment, 
will give better results than the experience and judgment alone? 
The claim often made by the practical designing engineer that 
he has no time for such careful theoretical analyses can hardlv 
be upheld by experience. To me, the obvious fact is that the 
designing engineer cannot afford to omit the consideration of 
any point of view which tends to make more perfect the product 
of his work. Who has not had the experience of pushing 
through a hurry-up job, only to find that the saving of a few 
hours or even of a few davs has cost the customer weeks or 
months of delav and consequent loss, and the manufacturer heavy 
financial loss, due to changes made in the finished product 
which might have been made in the design. 
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Discussion ON “ PRIMARY STANDARD OF LiGHT." ATLANTIC 
City, N. J., Jury 2, 1908 
(Subject to final revision for the Transactions.) 

W. S. Franklin (by letter): The establishment of a reliable 
and reproducible light standard is of very great importance, 
and we naturally look to our Bureau of Standards to carry out 
such researches as тау be necessary for its realization. I there- 
fore move that the Bureau of Standards be requested by the 
Institute of Electrical Engineers to undertake such researches 
as may be necessary to determine the practicability of the 
light standard suggested by Dr. Steinmetz, and, to develop 
such a primary standard of light if it be found practicable. 

In asking the Institute to place itself on record in this mat- 
ter, I must say that as it seems to me Dr. Steinmetz’s proposal 
cannot be a complete solution of the problem. Indeed, I do 
not believe the problem is capable of complete solution. Our 
present ideas of precision, and the theory of errors of observa- 
tion as it stands at present, have been developed almost wholly 
in connection with extremely precise measurements, such as 
measurements in astronomy and geodesy, where the thing 
which is measured approximates very closely to an actual 
“ state of permanency,” that is, where the thing which is meas- 
ured actually exists as an unvarying physical condition. In 
attempting to establish a standard of light, however, it is im- 
portant, as it seems to me, to understand that the present ideas 
of precision of measurement are in many cases inapplicable. 
Measurement in its most general aspects consists in bringing 
two things or systems into a kind of congruence, and all errors 
of observation originate in the incompleteness of this con- 
gruence test. In view of this general statement it is possible 
to distinguish two classes of errors of observation, namely, (a) 
errors which are due to erratic variations in the thing or system 
which is being measured, and (b) errors which are due to erratic 
variations in the measuring devices. The former being inherent 
in the thing which is measured, may be called intrinsic errors; 
and the latter, being outside of the thing which 1s measured, 
may be called extrinsic errors. | 

The probable error of а result, in so far as it depends upon 
extrinsic errors (irregularities in the measuring devices), is a 
measure of precision in the ordinary sense of that term, whereas 
the probable error of a result, in so far as 1t depends upon т- 
trinsic errors (irregularities ш the thing or system which 1$ 
being measured), is a measure of the degree of indefiniteness 
of the thing which 1$ measured. 

It is generally possible to distinguish between extrinsic errors 
and intrinsic errors, and it is desirable to use the term probable 
error (as calculated from extrinsic errors) as a measure of; pre- 
cision, and to use the term probable departure for that part of 


1. PRocEEDINGS American Institute Electrical Engineers, March, 1908, 
p. 297. 


1572 PRIMARY STANDARD OF LIGHT [July 2 


the probable error, oidinarily so-called, which depends upon 
intrinsic errors. 

In order to make these ideas perfectlv clear, let us consider 
a particular case of measurement relating to erraticallv? varying 
conditions. For example, let us consider the repeated measure- 
ment of the current which 1$ delivered Бу an electric railwav 
power station. The successive measured values of the current 
differ greatly from each other, and one might proceed in the 
ordinary way in the determination of the '' probable error " of 
the result. Suppose, however, that the ammeter is carefullv 
studied by measuring with it а very carefully controlled current 
output which 15 kept as nearly constant as possible. In this 
way the systematic and erratic errors of the ammeter may be 
determined, and the probable error of an ammeter reading under 
these conditions would be a measure of the precision of the 
instrument. Let a be the probable етог of a single observation 
of the ammeter, so determined. Let А be the probable error 
of a single reading of the ammeter as determined from the ге- 
siduals of the observed values of the current output of the 
station. Then А? — а? is the probable departure of the current 
output of the station at any given instant from its mean value, 
that is to say, the difference between the mean value of the cur- 
rent output of the station and its actual value at any instant 
is as likely to be greater than A? — a? as it is to be less than 
A? — a’. 

Suppose the value of a in the above discussion to be one am- 
pere and the value of А to be ten amperes. Then it is evident 
that the extrinsic errors (due to irregularities in the measuring 
device) in the above measurement are entirely negligible in 
their effect on the result as compared with the intrinsic errors 
(due to irregularities in the svstem which is being studied). 

Ordinary photometry presents a case in which intrinsic 
errors are very great because the actual intensity of light sensa- 
tion depends upon so many varying conditions which are be- 
yond control; in fact, the intensity of the light sensation which 
is produced by a given beam of light depends upon manifold 
individual peculiarities of the person, upon the degree of fatigue 
of the retina, and upon the degree to which the sensation is en- 
hanced by attention, to say nothing of variations in composition 
of the light (relative intensities of the various wave-lengths which 
are present). It would therefore seem to be hopeless and indeed 
meaningless to attempt to establish a unit of light which would 
be completely definite except т so far as the phvsical character 
of the light is concerned. The proposal of Dr. Steinmetz does, 
in fact, seem to provide for complete definiteness of the light 


2. Any set of varying conditions must be thought of as erratic when 
no attempt is made to analyze the varying conditions into systematic 
groups. Thus the variation of current output of an electric railway 
power station is to be thought of as erratic unless an attempt is made 
to study the mean daily and hourly fluctuations of load. For the present 
purpose, the current output of such a station is assumed to be erratic. 
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unit from a physical point of view, and the degree of precision 
with which this light unit might be reproduced would probably 
be so great as to leave nothing to be desired, considering the 
very great intrinsic errors in photometric measurements. 

Carl Hering: I have been very much interested in this paper 
by Dr. Steinmetz, and am verv glad to see a suggestion, in a 
practical form, of a new unit of light, based on the power equiva- 
lent. It interests me personally, because I have for a number 
of years (since 1901 or 1902) recommended that our unit of 
light should be based on the power unit, that 1s, that the unit 
of light should be defined as the light produced by one erg per 
second converted entirely into light.* But I suggested no 
specific way in which that could be carried out practically 
other than to base it on one selected wave-length, or on a certain 
average wave-length, and I am therefore verv much pleased to 
see that Dr. Steinmetz has offered this very interesting and 
apparently possible solution. 

There is another reason why it is desirable to use the power 
unit in which to express our unit of light. We have at present 
three groups of units, the absolute (or electrical) units, the grav- 
itational units, and the heat units. АП о our units, except those 
of light, can be referred to one of these three. They have as 
connecting links the mechancial equivalent of heat, the accelera- 
tion of gravity, and the specific heat of water. Each of these 
three groups of units was originally started on an entirely 
independent basis, and the connecting links had to be derived 
afterwards by experiment. "We have at present a unit of light 
which does not belong to any of these; 1% is based on an entirely 
new foundation, and it will be necessary to find by experiment 
the connecting links with these three groups of units. Dr. 
Steinmetz's suggestion 1$ not to form such a new group, but to 
start by making the unit of light coincident with one of the 
existing groups, namely, the electrical or absolute units. 

The term “ unit of light", used throughout Dr. Steinmetz's 
paper, might be confused with the term ''candle-power " by 
those who have not paid particular attention to the subject of 
light units. Of course, he does not mean candle-power, he means 
flux of light, as he stated in his abstract. "There is evidently 
no possibility of an equivalent between watts and candle-power. 
The only equivalent can be between watts and flux of light. 
Flux of light is equal to candle-power multiplied by a solid angle, 
or to illumination multiplied bv а surface. [. We use the term 
“watts per candle-power "-—but, of course, that is well known 
to be an irrational expression, although it has come into our 
nomenclature. We mean, of course, watts per spherical or 
hemispherical candle-power. 

I call attention to an error in the diagram of the musical 
scale, in which the “a” to the left should be “e.” I suggest 


* See Conversion Tables, Hering, p. 3; also p. 147. 
T See Conversion Tables, Hering, p. 147. 
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that the English equivalents be added to this musical scale, as 
it will then be more easily understood by English readers; Dr. 
Steinmetz has apparently adopted the German nomenclature. 
Why does he reverse the conventional methods in the diagram 
bv having the shorter wave-length to the left and the longer 
wave-length to the right, instead of the reverse, which 15 the 
universal method in musical practice; also in showing the spec- 
trum in which, I believe, it 1s conventional to show the red end 
to the left and the blue end to the right. "There 1s an error in 
the text a little further on: one tone represents 60 deg., not 30 
deg. 

At the close of the paper, Dr. Steinmetz savs that any color 
can be made up of these three. I am interested in knowing 
whether he is really quite sure of that, for the following reason: 
If we take three colored pigments and mix them together, we 
will get a certain color; now if we take some of that mixed pig- 
ment, and mix with it some white pigment, and then take 
some more and mix with 1t some black pigment, we will have, 
with the original mixture, three distinct colors. Each one of 
them will have the same relative quantities of the three original 
colored pigments in it, and vet it will in itself be an entirely 
different color from the other two. It might be said that they 
are shades of the same color. Now the question is, whether a 
parallel to this exists in the mixing of light rays. That is, is 
there in the mixing of light ravs, something which corresponds 
to the admixture of white pigment or black pigment to a colored 
pigment? | 

Some years ago, when I was interested in this subject of th 
equivalent between power units and light units, I was desirous 
to know about what the magnitude of that unit would probablv 
be; that 1s, what the conversion factor between light and power 
would be. I found some determinations made quite a number 
of vears ago and after recalculating them to bring them to our 
present units, I found the figures to be 5.3 spherical candles 
per watt.* "That figure might be termed the electrical equiva- 
lent of light. Hence, if the original tests were correct (I took 
them as I found them and am not responsible for their correct- 
ness), the figure will be about of that magnitude, which corre- 
sponds to 0.188 watt per spherical candle-power. И this figure 
be correct, that would be the ultimatum which we wil] ever be 
able to reach, as it would mean an efficiency of 100 per cent. 

The unit which Dr. Steinmetz proposes naturally involves the 
solid angle when reduced to candle-power, and we therefore 
have the choice now in defining that unit, of selecting either 
the steradian (or absolute unit solid angle) or the sphere, as the 
solid angle to be included in that unit. Selecting the sphere 
eliminates the troublesome 4 z from most of our calculations 
of light flux, which are made in spherical candles, and are not 
based on steradians. 


* Mechanical Equivalent of Light, Hering, Elec. World, April 20, 1901, 
p. 031. 
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Clayton H. Sharp: I would like to submit that when any 
member of this Institute is going to present to us a general 
solution of the electric circuit and the general solution of the 
perhaps equallv dificult problem of the standard of light, he 
should at least give us a chance to catch our breath in between. 

It looks to me as if this were, in a way, a general solution of 
this problem. The whole question of the standards of light, 
the history of the subject, shows how difficult the problem 
has been. For many years the flame standards were used, and 
were sufficiently good for the purpose. With the introduction 
of electric lamps, which were capable of more accurate measure- 
ment, a greater precision in photometry was at once demanded, 
and certain fundamental difficulties which exist in flame stand- 
ards became known for the first time. | 

As а solution of the question of a more reliable standard of 
light, Violle came to the front with his propositions, namely, 
the use, as a standard, of the light emitted bv a square centi- 
meter of platinum at its point of solidification. This proposition, 
being on the face of 1t very attractive, was received and adopted 
at several electrical congresses, but it has never been found 
feasible to put it into practical operation, because a зићсеп у 
accurate reproduction of this so-called '' absolute " unit of light 
could not be carried out. Other propositions have been made 
of a similar nature, and the proposal to use energv measure- 
ments is not a new one. We find that Lummer made an ex- 
tensive investigation of a standard of light which was defined 
in this way: the standard light shall consist of the luminous. 
radiation from a surface of platinum brought to such a tem- 
perature that the ratio of the radiation which it will transmit 
through a certain cell containing water to its total radiation per 
‘unit surface is as 1 to 10. Now, it should be theoretically possible 
to define a standard in this way. The great difficulty with such 
a definition, however, 1$ that it involves tbe measurement of the 
ratio of the intensities of radiation, one of which, at least, is 
very low. Another diticulty with it is that it depends upon the 
radiating properties of a certain substance, namely, platinum. 
This latter difficulty might be obviated by using, instead of 
the platinum surface, a surface of a theoretical black-bodv. 
However, the first difücultv would remain, and it seems to be 
of suficient importance to preclude the possibility of establish- 
ing an accurate standard in this way. 

The proposition which is made to us to-day appears to be the 
verv first one which offers a chance of the establishment of a 
standard of light based on energy measurements, and inde- 
pendent of the properties of any substance whatever. Not 
only does it offer us a standard of light, but it gives us also 
the possibihty of a standard for the measurement of colored 
light also, since a variation of the proportions of the different 
colors used will produce a variation in the resultant tint. The 
latter feature mav verv well be one of considerable importance in 
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view of the ever-increasing diversity in tints of the lights that 
we have actually to measure in the photometer room. 

As Dr. Steinmetz has said, we have to deal here with a phy- 
siological effect, and not with a purclv physical effect. Ordina- 
rily, the physiological effect which we get from an incandescent 
lamp, or from most of our light sources, is an effect made up 
of the various wave-lengths of the spectrum; in other words, 
the spectra of our common light sources are continuous spectra, 
and have difference in color on account of a continuous differ- 
ence in the ratio of the intensities of the various wave-lengths. 

It 15 to my mind an open question, one which must be sub- 
mitted to experimental determination, whether we shall get 
ultimatelv the same effect from the admixture of three mono- 
chromatic lights that we should get from a polychromatic source; 
whether it 1s not possible that minor differences in the sensibilitv 
of individual eyes to the different colors will not become much 
more apparent when we measure a polvchromatic source against 
a source which 1$ made up of three colors, than we get when 
we are mesauring two polychromatic sources, one against the 
other. Will the physiological effect of three colors mixed to- 
gether in all cases be the same as the physiological effect of all 
the colors mixed together, though in varying proportion? 

In regard to the difficulty of the actual energy measurements 
which are involved in the realization of this solution of the 
standard of light, it seems to me, while they are very consider- 
able, yet they are not necessarily insuperable, because it is not 
necessary, as I understand it, to deal with any extremelv small 
quantities of energy. "There is no reason why the sources which 
are used for the production of these three lines should not be 
sufficiently powerful so that there is no small concentration of 
energy in each of the lines and so that 1t will become phvsically 
possible to measure the radiation-intensity of each of these 
lines with а sufficient degree of accuracy for the purpose. I 
think there is no doubt that the method ought to be given a 
very thorough trial indeed, and I think also that the place 
where it ought to be tried and investigated 1$ at the Bureau of 
Standards, at Washington, where the answer to the question can 
be found, if it can be found anv where. 

I think there was some confusion in the statements of the 
last speaker in regard to the nomenclature of this matter. As 
I understand it, Dr. Steinmetz's proposal looks to the produc- 
tion of a standard illumination on a given surface. Now, 
illumination 1s not the same thing as candle-power, though it 
can be referred to the theoretical point-source of light placed 
at a certain distance from the surface which is illuminated. 
Neither 1s illumination simply flux of light, but it is flux of light 
per unit area, or flux densitv, and consequentlv the proposition 
is to produce, really, a standard illumination on a surface, and 
if we wish to refer that to an imaginary point-source of light, 
which reallv does not exist in the experiment, we can sav that 
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illumination is produced by a source of one candle-power. 
However, the solid angle does not enter into the question di- 
rectly, neither necessarily does the candle-power enter into the 
question directly, nor does the 4 z come in. It is a question 
simply of producing a unit or standard illumination on a given 
surface, or unit flux densitv, or unit flux per unit area; for 
when we get right down to the fundamentals, it is flux we have 
to deal with in the case of light. The candle-power notion or 
concept is more or less fictitious, superfluous, though con- 
venient for many purposes. For other purposes, the candle- 
power notion cannot enter in; we must come to the idea of 
luminous flux and base our computation of 1llumination on the 
idea of a luminous flux, as 1s quite evident when we consider 
anv space illuminated bv the so-called indirect method, where 
the ceiling is brightly illuminated, and, serving as a secondary 
source of light, illuminates other parts of the room. Evidently, 
there is no candle-power there, it is all a case of luminous flux 
from the ceiling falling on other surfaces of the room and Ши- 
minating them. 

I think we are to be congratulated that this first, and cer- 
.tainlv we hope the true, solution for the absolute definition 
of a standard of light, emanates from this country, and 15 pre- 
sented for the first time to this Institute. 

C. A. Perkins: It is not necessary for me to add my con-. 
gratulations to Dr. Steinmetz for his valuable paper, but I wish 
to emphasize the fact that 1t 15 a step toward the solution of a 
problem which is impossible from its nature. 

As Dr. Steinmetz has just explained, illumination is а phy- 
siological phenomenon and cannot be measured. It is im- 
possible to say that a red light is as bright as a blue light. It 
is impossible to say that a Welsbach burner is so many times 
as bright as a Hefner lamp. The ratio depends on the eye of 
the observer, and also 1s a matter of personal estimate or judg- 
ment, and is not capable of measurement. 

Yet the proposed standard simplifies the problem of com- 
paring lights of different colors very materially, by reducing 
all the colors to three. 

The next step will be to fix upon numbers which may repre- 
sent the brightness of each of these primary sources (in candle- 
power per watt) based upon the average judgment of a large 
number of observers. The number thus determined will be 
more or less arbitrary but will represent in a fairly satisfactory 
wav the average judgment and the normal eve. When the 
; relative brightness of the primary sources has been fixed upon, 
the various secondary standards— Hefner, pentane or шсап- 
descent lamps—may be expressed definitely in terms of the pri- 
mary standards, and the comparison of colored sources will be 
: definite, though 1t cannot be absolute. 

John B. Taylor: Dr. Steinmetz has several times told me 
that he had no proper musical training or appreciation, but in 
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this paper he gives us a rainbow set to music, and leads me to 
hope that he has taken up a new subject, old as an art, but still 
having many unsolved physical and mathematical problems. 

I wish to point out a few discrepancies as they appeal to 
me. In the first place, if we are going to replot the spectrum 
on a rational basis, why do we use wave-length at all? The 
essence of light, as well as of sound, is a matter of frequency, 
and not wave-length. Sodium light has a certain rate of vibra- 
tion, while its wave-length 1s only incidental to the transmitting 
medium, having one value in air and other values in glass, 
water, etc. The same is true of sound. Pitch depends on fre- 
quency, while the wave-length of a sound of given pitch has 
different values in air, hydrogen, water, and wood. So it seems 
we should rightly lay out the spectrum on the basis of fre- 
quency instead of wave-length. frequency being reallv the 
essence of light and color. 

I agree with Mr. Hering, that the English and American 
names of the musical tones would be more appropriate for this 
Institute. The German “ cis's " and “ fis's " are not so familiar 
to most of us as c-sharp and f-sharp which in addition 
to the misprints and backward arrangement have obscured 
the optical and acoustical comparison. The use of frequencies, 
rather than wave-lengths, will naturally bring red on the familiar 
left end of the spectrum and the musical scale will read from 
left to right. 

I do not see the arguments for a logarithmic scale in repre- 
senting the spectrum. The musical svstem, both melodic and 
harmonic, is based entirely on the ratios of frequencies, and 
music as written is essentially a curve or curves with time as 
abscissas and logarithms of frequencies as ordinates. I have 
never yet been able to find that there 15 anything in the optical 
scale corresponding to this matter of ratios in the acoustical 
scale. It is true that certain combinations of colors will be 
harmonious while other combinations will not be pleasing. 
For example, it 15 generally agreed that pink and red do not go 
well together. 15 it possible to take two different colors and 
say that these are not harmonious, on account of the ratio of 
their frequency? There is a definite period in music. In a 
well-recognized sense, after the interval of an octave, we go 
over the same ground again. 

I hope Dr. Steinmetz can show more clearly some periodic 
property of the spectrum or something depending on ratios of 
frequencies to justify the logarithmic plot. 

Carl Hering: Dr. Sharp says there is some confusion of terms 
in my remarks. I am confident that Dr. Steinmetz will agree 
with me that his proposed unit is not a unit of illumination, as 
Dr. Sharp says, but a unit of flux, which is equivalent to illumina- 
tion multiplied bv an area, or candle-power multiplied by a solid 
angle—either one gives the same result. I am quite familiar 
with the various units and measures of light and the relations 
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between them. as I gave some attention to this question of 
. equivalency between watts and light some years аро and I am 
sure there is no confusion in my mind. 

E. B. Rosa: I am interested in this proposition of Dr. 
Steinmetz, and should sincerely like to see it realized. It 
would be important to make a serious attempt to get a primary 
photometric standard in this wav, which should be sufficiently 
satisfactory to be considered to solve the problem. It seems 

probable that it might be somewhat difficult to make the energy 
шол with the required accuracy, and perhaps this will 
prove to be an insurmountable difficulty: and yet I have no 
doubt that if the attempt were made seriously, sufficient in- 
formation and experience would result from the work to pay for 
the effort. even if it did not result entirely satisfactorily. It 
often happens that when a serious effort on a difficult problem 
is made and continued, a great many new things appear in the 
work that are of considerable value, by-products, so to speak, 
of the investigation.. I think this field might be a very valuable 
and promising one to investigate thoroughly, with the hope, of 
course, that the problem of finding a primary photometric 
standard would be solved. At any rate, I think it would be 
proper to consider it very carefullv. 

I appreciate also the words of confidence in the Bureau of 
Standards that have been expressed. This investigation is 
clearly in the field of work of the Bureau of Standards, and the 
Director of the Bureau would be very glad, I have no doubt, 
to take up the work without any request from this Institute, 
as soon as practicable. Nevertheless a request made by the 
Institute would be very proper, and I would be glad to see that 
request made formallv, because, as you will easily understand, 
the Bureau has so many fundamental problems on hand, more 
than it can at present undertake, that it needs support in its 
work; it needs the expression of confidence of this Institute, 
and the moral support of the engineering fraternity at large 
in its work. Such support will enable it to get the assistance 
and to develop the force that it needs in order to take up such 
problems, and therefore it can do more of that kind of funda- 
mental work if interest 1s expressed in such a concrete way as 
is here proposed. I can easily see that such an investigation 
might last over a considerable period of time. We now have 
some problems on hand that have already extended over con- 
siderable periods of time, but in most cases they have been very 
profitable investigations to pursue; and entirely apart from the 
primary objects of the investigation, the results have been of 
considerable importance. 

I wish again to express ту interest in the suggestion of Dr. 
Steinmetz, and certainly consider it of value. 

Carl Hering: I make the motion that the Board of Di- 
rectors of this Institute be requested to refer to the Bureau of 
Standards the question of the establishment of a standard of 
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light as proposed in this paper of Dr. Steinmetz. (The motion 
was unanimously carried.) 

Н. S. Carhart: I have only a few words to add to what 
has already been said. I suppose the reason why Dr. Steinmetz 
has chosen three distinct wave-lengths to enter into this com- 
bination for luminous intensity or luminous flux is the fact 
that there are three distinct primarv color sensations. It would 
be desirable, first, to be assured that we get an average deter- 
mination of the wave-lengths of these three primary colors, 
as applied to the eves of different individuals, because there 1s 
individuality in this matter. Secondly, we should measure the 
relative energy in the three wave-lengths to produce any definite 
color, such as yellowish white. This task would be one of con- 
siderable dificultv. In that way we should be able to get the 
average energy of the primary colors required to reproduce a 
light of any given tint and intensitv. It can readily be seen 
that such processes as these would necessarily require a good 
deal of time in order to realize them. 

I think one of the speakers has been confused a little, if I 
may call attention to the fact—the mixture of three colored 
lights is a totally different thing from the mixture of pigments. 
The mixture of pigments 15 a process of absorption, and the 
mixture of lights is a matter of superposition and addition. If 
we have red glass, which cuts off the violet end of the spectrum, 
and blue glass, which cuts off the red end of the spectrum, 
and if we put one in front of the other, the only light that 
comes through is a little of the red. This 15 like the mixture 
of pigments. Ме should be very careful not to confuse mixture 
of pigments with mixture of colors. What we have in the 
paper is three colored lights, coming from three sources of 
definite wave-length. I am greatly interested in the propo- 
sition, and think it is really hopeful enough to suggest to the 
Bureau of Standards, as has already been done, for investigation. 

Chas. P. Steinmetz: Three colors I selected as primary colors, 
since three primary colors are sufficient by their combination to 
produce all other colors, representing these by the ratio of the 
energies of the three primary colors. As seen, this is essentially 
the representation of the points of the color plane by a system 
of symmetrical coórdinates. Combinations of two colors are 
not sufficient to produce all other colors, but at least three are 
needed. In regard to the selection of the three primary colors, 
I tried to get three colors forming as nearly as possible an equi- 
lateral triangle in the polar diagram, or in the color plane, as 
shown, so as to get the maximum accuracv in their combina- 
tion. There was a second consideration. The three points of 
the equilateral triangle I tried to select so as to have a maximum 
distance from the ends of the spectrum, since at the ends of the 
spectrum the phvsiological equivalent of power is low and van- 
ishing, and therefore if one of the lines were ‘chosen close to 
the end, as for instance dark red, it would mean there would 
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alwavs be a large percentage, in power, of red ravs, even to pro- 
duce a color which appeared to the eve deficient in red. For 
greatest accuracy, it is however desirable to have the three 
numerical values of power of primary colors as nearly of the 
same magnitude as possible. The two outside colors, blue 
and red, are therefore chosen about equidistant from the ends 
of the spectrum, as two corners of the equilateral triangle, 
which brings the third corner into the middle of the spectrum, 
in the green. You can choose any other set of spectrum colors, 
but I believe the best way would be to choose the three points of 
an approximately equilateral triangle, with the two outside 
corners as far awav from the ends of the spectrum as possible, 
as was done by me. 

As regards the scale adopted, I must apologize, for mv mu- 

sical education was so badly neglected that I still used the 
Italian scale, instead of the flats and sharps of the English 
notation. I believe, however, it will be equally intelligible. 
. As regards the wave-length, what I give is not reallv the 
logarithm of the wave-length, but the logarithm of the fre- 
quency. The wave-length of light isnot constant, but a func- 
tion of the medium. However, the logarithm of the wave- 
length in any medium 1$ the same, and 1$ also the logarithm of 
the frequency, except with reversed sign and shifted decimal 
point. It therefore is immaterial, in the logarithmic scale, 
whether wave-length or frequency is used; either gives the 
same curve or figure, except turned over, and it obviously 1s 
immaterial whether the red end of the spectrum is on the right 
or on the left side. 

In regard to the bearing of the acoustic scale, you will see if 
you look at the polar diagram, that it 15 material, and that the 
wave-length is not the right measure. In the acoustic or polar, 
diagram, two diametrically opposite points are of complementary 
color, that is, combined give white light, or approximately white 
light (after all '* white " is a rather indefinite expression). This 
is not the case in the representation by wave-length, nor in 
the representation by frequency; but їп either case you find 
that one-half of the visible spectrum represents much less 
variation of the physiological effect, that 1s, change of color, 
than the other half. 

About color representation: If we represent colors by a com- 
bination of the three primary radiations, we still have different 
values for the same color, representing different color densities. 
For instance, a certain yellow light may be represented by: 
red, 50; green, 50; blue, 0. The same yellow light. but of a 
lighter shade, may be represented Бу: red, 45; green, 45; blue, 10. 
Still a lighter shade by: red, 40; green, 40; blue, 20; until ulti- 
mately you reach white light. 

I believe that even the densest yellow light, produced from 
the primary colors: red, 50; green, 50; blue, 0, is yet not the 
spectrum yellow; that is, not as pure yellow as the spectrum 
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yellow, and that the spectrum yellow would be represented by 
something like: red, 55; green, 55; blue, — 10. This ratio: 
55 + 55 + —10 represents a point of the plane outside of the equi- 
lateral triangle formed by the primary-color points, and such 
probably 1$ the case with the spectrum yellow and with all the 
spectrum colors except the three colors selected as primaries. 

Phvsicallv, this means that if we desire to compare the spec- 
trum yellow with our three-color combination, no combination 
of red, green and blue can be found to equal the spectrum vel- 
low, but that a combination of red and green can be found to 
equal a combination of the spectrum yellow and blue, and in 
this case the blue becomes subtractive. It is the same as 
balancing a weight bv putting too much weight on the other 
scale, and then putting some weights on the first scale, t.e., 
balancing by taking some weights back. We may do the same 
in color representation. Theoretically, I believe all pure spec- 
trum colors, except the three selected as primary, would be 
represented by combinations of the three primary colors with 
one of the primary radiations as negative. 

As regards the mechanical equivalent of light, I do not agree 
with the value mentioned bv Mr. Hering, 0.188 watts per 
candle-power, for the reason that efficiencies of arcs have been 
measured which give lower watts per mean spherical candle-power 
than that. In some powerful titanium arcs values considerably 
lower have been found, and їп those cases the efficiency was still 
far below 100 per cent. Estimating the loss of power by invis- 
ible ultra-red and ultra-violet radiation, by heat conduction, 
heat convection, air currents, ctc., the efficiency was undoubt- 
edly below 50 per cent., probably nearer 10 per cent. І believe 
the approximate equivalent of white light is probably some- 
thing more nearly fifty candle-power per watt—that is, 0.02 
watts per spherical candle-power. I make no claim to this 
value, but it is merely an estimate based on mv experience— 
it may be more or less, but I would expect the equivalent of 
white light at approximately 50 candle-power per watt, or 
thereabouts. For other colors of light there would be different 
values. Probablv in the case of the green light, the candle- 
power per watt would be much greater, in red light or blue 
light much less. It 15 a function of the color. 
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Discussion ON ' MEASUREMENTS OF LIGHTNING, ALUMINUM 
LIGHTNING-ARRESTERS, EARTH RESISTANCES, CEMENT RE- 
SISTANCES, AND KINDRED TEstTS”’, ‘‘TESTS WITH ARCING 
GROUNDS AND CONNECTIONS ”’, ‘CRITICAL STUDY OF LIGHT- 
NING RECORDS ON TAYLOR’S FALLS TRANSMISSION LINE. ”’ 
ATLANTIC City, М. J., JUNE 30, 1908 


J. F. Vaughan (by letter): It is gratifying to have a careful, 
independent analysis of the Taylor’s Falls lightning records 
such as Mr. Thomas has given їп his paper, and interesting to 
see wherein his conclusions differ from those of the original 
papers on this subject. 

The main idea suggested by Mr. Thomas’ paper, that the 
more pronounced disturbances at least have been due to some 
form of direct discharge between clouds and line, is funda- 
mental, and requires radical modification of present concep- 
tions of the nature of the direct stroke. It suggests that such 
a stroke may be: 

(1) Of length varying from a few feet upward. 

(2) Of quantity and intensity varying from a relatively 
small disturbance to a destructive bolt. 

(3)* Of such a nature as to distribute itself with considerable 
uniformity over sections of line and overhead giound wires. 

(4) Of frequent occurrence, amounting to hundreds of strokes 
during the season. 

The main objection to the “ Release of bound charge ”’ theory 
is that the capacity of the line 1$ not sufficient to account for 
the volume of discharge indicated by the tell-tale records. 
However, the potentials and rates of discharge may be sufh- 
ciently high to compensate for the relatively small capacity. 
There is little evidence of any great amount of energy in the 
discharges even in the shattering of insulators, providing a 
high enough rate of discharge is assumed. 

There 1s, however, ample evidence of extremely high velocity 
of disturbances in the rapid damping out of potential їп the 
line, the mechanical nature of the insulator fractures, the ac- 
tivity of line choke coils and the splitting apart of the lamina- 
tions of the tell-tale papers. 

In the discussion of overhead ground wires, Forms А and B, 
the records of storms of Julv 4 and August 18 are not con- 
sidered as showing definite protective power. By reference to 
the original curves (Fig. 12 of the writer's paper) the record of 
the storm of July 4 shows bv the activity of overhead ground 
wires А and B that the latter were well within the active area of 
the storm. If the curves representing line-insulator stress and 
overhead ground-wire discharge are added together this fact will 
be evident. The curves for the ground-wire sections on each 
side of the storm center show that as the center 15 approached 
the activity of the sections increases rapidly, with no correspond- 


* See original paper by J. F. Vaughan. Fig. 12. curves of July 4. 
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ing increase of stress in the line insulators until the unprotected 
section of line between the shielded sections is approached within 
a few hundred feet; that 1$, the shielding effect of the wires ap- 
pears to be pronounced even to within a few hundred feet of their 
ends. The storm of August 18, which was reported as the most 
severe for years, was active over ground wire B. Although the 
discharge from the ground wire was considerablv larger than 
in any of the other storms, the average disturbance in the line 
shielded by this construction 1s shown bv the curves to be low 
compared with those of unprotected sections in other storms. 
Over the central portion of this section of the line there is only 
one heavy spill-over, and as that is within less than 1000 feet 
from the end of the ground wire it mav have come in from the 
adjacent unprotected section. 

Mr. Thomas calls attention to the probability that the side 
transmission wire towards the direction from which the wind 
blows 1s probablv subject to more disturbance than the other 
wires. This exposure is shown in the general graphic chart bv 
gieater activitv in the wire toward the approaching storm, ex- 
cepting where the storm is overhead and near enough to cause 
spill-overs and phvsical damage, in which case the top wire 
seems to be the one most subject to trouble. 

In interpreting the curves the following should be borne in 
mind: 

(1) That the lower ranges of the scales of ordinates adopted 
for plotting the curves are exaggerated in order to show up the 
smaller values more plainly. 

(2) That the discharge paths of the shiclding-device grounds 
are freer than those of the line, and the discharges being conse- 
quently less disruptive are probably quantitativelv greater than 
the line discharges for given sizes of puncture. 

(3) That the sections of shielding wire are not long enough 
to insure the damping out of charges coming in from adjacent 
unprotected sections within the length of each shielded section. 

In connection with the direct-stroke theory it 1s interesting 
to note that no clouds have been observed suthciently low and 
close to the line to account for short direct strokes. Nor have 
any spill-overs been actually seen. Close watch is being kept 
on the line this summer to get information on the appearance of 
clouds and line during spill-overs, and the nature of insulator 
breaks 1s being further studied. 

Charles P. Steinmetz: While some vears ago the problem of 
electrical-power transmission and distribution, in its stationary 
condition, was already very well developed in most of its features, 
there always remained this class of phenomena, of which light- 
ning is characteristic, which we may call transient phenomena; 
that is, phenomena which last only a short time, frequently an 
extremely short time, which but are of such a character that the 
damage they may do makes up entirely for their short duration. 

We are approaching a clearer understanding of these phe- 
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nomena and also a control of them, so that it looks not im- 
probable that in a very short time lightning and all these dis- 
turbances in transmission lines and transformers will have lost 
their danger to us, that we will be as familiar with them as 
with the design of an alternator or of a motor, and that we 
shall be able to predetermine, control and eliminate them. 

I am particularly glad, myself, to be able to see how the con- 
sensus of opinion of those engineers who are studying the 
subject most deeply 1$ coming around to what I have maintained 
so many years, that the most effective protection of the trans- 
mission line is through overhead grounded wires. Some years 
ago, verv few people agreed with that statement, now we find 
that most of them agree with it, and even these few doubting 
Thomases will, I hope, be convinced. 

I believe to protect an electric system efficiently and ef- 
fectively it is necessary to protect the line and protect the sta- 
tions. We cannot expect to escape damage, no matter how 
complete the protection we install in the station, if we leave the 
transmission line unprotected. Neither is the protection of the 
line alone sufficient; but what I believe we can already, at this 
time, ascertain with fair certainty is that if the transmission 
line is well protected by overhead ground wires, whatever dis- 
turbances we get will not be so severe that we can not take 
care of them safely by protective devices in the station. 

I do not quite agree with Mr. Thomas in explaining the dis- 
turbance in the Tavlor’s Falls transmission by direct strokes, 
or rather, to explain it more fully, I do not see an essential dif- 
ference between a direct stroke, as described there, or the phe- 
nomenon of the bound charge of lightning. 

Let us see what happens in a direct stroke. If the potential 
difference between the line and cloud rises so high that some- 
where in the field the potential gradient exceeds the breakdown 
strength of air, a breakdown occurs, as a discharge from line to 
cloud, or into space, thus equalizing the potential. In the 
other case, if bv a discharge in the clouds the potential dif- 
erence between the clouds and ground 15 suddenly changed, 
the bound charge of the line 1s set free, and that means that 
suddenlv upon the line a very high electrostatic potential 15 
impressed which discharges from the line into space, if the volt- 
age is bevond the disruptive strength of the surrounding space. 
In either case— whether this potential difference is created bv 
a discharge into the cloud, setting free the bound charge, or 
whether it 1$ created by potential difference between the cloud 
and ground—if the voltage 1s high enough, the discharge passes 
from the line into space, toward the cloud. I thus do not see 
how we can distinguish the phenomena of the bound charge ' 
from the phenomena of the direct stroke, but believe thes? two 
phenomena are practically the same. 

There is only one point I want to mention, and that 15 to 
express my regret that in the tests and investigations valuable 
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records have been lost by the combustion of tell-tale papers. 
These tell-tale papers can be protected by fireproofing, and I 
bring that to your attention, because it can easily be done (and 
it is very desirable to do it) by treating these papers with 
a solution of sodium tungstate (also called sodium  wolf- 
ramate). They become fireproof by such a treatment, and there 
is no longer danger of losing them or setting fire to them. A 
quarter of a pound of the sodium tungstate bought at anv 
wholesale drug house, is dissolved in a pint of hot water, and 
the tell-tale papers immersed in that solution, and then dried. 
There is no apparent change, except that the paper is slightly 
rougher. You can write on it the same as before, the light- 
ning discharge makes the same markings, the same punctures 
appear in the tell-tale paper, but it cannot be set on fire, 
the flame cannot consume it, and therefore you cannot 
lose any of the papers by fire. I believe it is very desirable 
to carry out this precaution. I do not know that there is 
anything else to add, and I thank you very much for the 
opportunity of expressing my opinion on these papers which 
have been presented. 

Р. М. Lincoln: I agree with Mr. Steinmetz that the most 
important question raised by the lightning-arrester papers is 
that of the ground wire, and I will take issue with Mr. Thomas 
in his interpretation of Mr. Vaughan’s results which were pre- 
sented to the Institute at the last meeting. In my own inter- 
pretation of Mr. Vaughan’s results, I found to my own satis- 
faction that there was a very marked protection given to the 
line at Taylor’s Falls by the presence of the overhead ground 
wire. 

Possibly I have not given this matter quite such close attention 
as Mr. Thomas, but I would like to have him detail, if he will, 
the reasons why and how he can draw conclusions to the con- 
trary. 

I would like to' ask Mr. Creighton, too, whether, or not the 
record obtained by him in Figs. 3, 4, and 5 were obtained with 
current on the line, or whether the line was dead at that time. 
] presume there was no power current on the line at the time 
the records were taken, judging by their shape. I would also 
like to ask Professor Creighton for his opinion as to the efficacy 
of the overhead ground wire. 

А. E. Kennelly: Overhead wire protection is a matter of very 
great importance on account of the radical nature of the con- 
struction which it involves. This matter is one concerning which 
experience of some kind has been gained for more than fifty years; 
that is to say, ever since overhead wires have been put up for 
telegraph purposes there has been the same trouble with light- 
ning, differing only from the trouble that transmission engineers 
have had, in the fact that the poles were ordinarily not so high 
as at present, that the insulators were very much weaker elec- 
trically, and that instead of having a high potential dynamo 
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at the end of the circuit, there was no appreciable power on the 
circuit. Nevertheless, the damage done by lightning was recog- 
nized at a very early date. Apparatus was burned out, insu- 
lators were destroyed, poles were smashed or damaged. 

It was found that the lower wires largelv escaped. I think 
that is the consensus of telegraph-engineering opinion all 
over the world. The upper wires bear the brunt of the damage. 
Poles were found to be saved in very large measure by putting 
grounded wires on the pole themselves, putting a lightning pro- 
tector on each pole. The upper wires were not grounded every 
half mile, as is customary with protecting wires; but never- 
theless the protection of overlying wires grounded at distant 
stations was found to be material, although incomplete. 

It is my expectation we shall never have any system of ab- 
solute, complete protection against lightning, even with the 
best devices that we can install in the station, or the most 
perfect system of overhead grounded wires that we can devise. 
We can hope with care to minimize the damage due to light- 
ning, but we shall always have some trouble left. Anv one 
who looks for a panacea against lightning is entertaining a very 
courageous expectation, which is likely to meet with some dis- 
couragement. 

I think that we ought not to attempt to form too definite 
a conclusion as to the source of lightning disturbances upon 
the wire. Mr. Thomas intimates that the disturbances are 
mainly due to little direct strokes, but others think, from the 
same records, or with the same data before them, that tbe 
disturbances are due to the release of bound charges; while still 
others think they are due to inductive disturbances. There 
are so many possible causes for disturbances that we should 
hold our minds open and not consider that everything is due to 
one and the same source of injury. For example, in the case 
of an overhead wire, we all know that there is a movement of elec- 
trified air over the wires conveying electrical charge to them 
continuously. Secondly, we have the release of bound charges, 
and thirdly direct strokes. Fourthly we have a source not 
generallv recognized, namely, electromagnetic waves. If over 
a distance of several miles there can be produced in a wireless 
telegraph antenna a received e.m.f. of fiftv or one hundred 
volts, from a small alternator at the generating station, surely 
a lightning discharge with its enormous generating power is 
able to produce electromagnetic—-wave disturbances in long 
wires of very much greater magnitude. 

It seems, therefore, that we should not try to formulate a 
rule and declare that all disturbances due to lightning in over- 
head transmission wires have one and the same origin. We 
must expect, with a number of disturbances, that a number of 
different kinds of apparatus may be necessary to be installed, 
some to protect against one kind of disturbance and others to 
protect against other kinds of disturbance. 
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john B. Taylor: Professor Creighton has shown his ingenuity 
in devising special pieces of apparatus to determine what is 
actually going on in a transmission line. We wish to know what 
we have to guard against, and I think that papers of this sort 
are more to be desired than many we have had in the past. 
The conditions of operation are so variable that some conclu- 
sions drawn as to the better of two types of arresters are not 
justified; but when we know what we have to deal with, and to 
a certain extent can duplicate the conditions in the laboratory, 
then we can begin to produce apparatus which will meet the 
requirements. 

I have not had a chance to give this paper as critical reading 
as I would like, but there is much confusion in my mind over 
the use of the term “lightning.” I do not know why the 
word lightning should be applied in a new sense. The word has 
been in use for many vears, and almost evervbody in the pro- 
fession, and out of 1%, has a pretty definite 14еа of what the 
term signifies. Professor Creighton, apparently, wants to call 
anything abnormal on a transmission line “ lightning ". When 
he speaks of the natural frequency of lightning, does he mean 
the natural frequency of the lightning stroke from the clouds, 
or the natural frequency of the discharge of the line, with which 
he is experimenting, to ground? The records show mainly fre- 
quencies of three thousand cycles, or in that neighborhood, and 
as I read the tests, this frequency 15 merelv the one at which the 
particular line discharges to ground, and gives no indication 
of the frequency ef the lightning discharge. itself. The varia- 
tion between 3,000 or 4,000 and 15,000 may be due to the dis- 
tances out on the line at which the lightning discharge proper 
occurred. I trust he can give us a little defense of this use 
of the terms, because to*my mind it has made a good deal of mis- 
understanding in reading the paper. 

Reference 1s made to a further analysis showing in addition 
to 3,000 cycles or thereabouts, superposed higher oscillations 
of a million cycles. I believe he used the term lightning as 
applied to these million cycles. How can a lightning stroke a 
mile or more in length be expected to oscillate with a frequency 
of a million cycles? А stroke a mile long, with a period of os- 
cillation of one million cvcles, would mean a velocity of at least 
one million miles per second, whereas the known velocity of light 
and electrical impulses in the ether 1s only approximately 190,000 
miles per second. Does the apparatus demonstrate this high 
frequency in the lightning stroke or 1s it the period of parts of 
the test line and apparatus—a secondary effect of the lightning? 

The data given on actual resistances of ground connections 
is valuable. The putting in of these ground connections goes 
largely as a matter of chance, and more perhaps as a matter of 
faith. We put up an expensive equipment of lightning arres- 
ters- and then run some kind of a wire into the earth, and 
seldom make tests to determine whether the latter is effec- 
tive or not. 


1908] DISCUSSION АТ ATLANTIC CITY 1589 


From опе test, a value of 30 to 40 ohms is given as the actual 
resistance of the ground itself between two points several 
miles apart. I think there must be some mistake in this, as 
judging from a test made in dry rocky soil, the resistance of 
the earth, apart from that at and near the contact plates, is 
not likely to be anywhere near so high. Was this measurement 
made with alternating or direct current? 

Mr. Berg gives us figures from tests of practical value, because 
the arcing ground unfortunately occurs at times on trans- 
mission systems. Mr. Berg does not offer any explanations as 
to the cause of this excess potential, and possibly in discussion 
he may give us his 1dea of it. 

What appears to be the simplest explanation of this excess 
potential, as evidenced by the needle gaps, 15 a compensator or 
auto-transformer action in the transformer itself. "The wind- 
ings of the transformer have electrostatic capacity to ground, 
which capacity is not evenly distributed along the winding, 
but is greater in some parts than in others, giving an arrangement 
equivalent to condensers connected between points of the wind- 
ing and ground. Considering one of these condensers near the 
terminal where the arcing ground is to take place, this con- 
denser will become charged to a high potential, and as soon as 
the gap to ground breaks down, the charge will pass through 
a small portion of the transformer winding, stepping up the 
voltage at the other terminal of the transformer. Where two 
transformers are interconnected in an open-delta arrangement, 
the normal potential of one transformer 15 added to this excess 
potential derived through compensator action in the other 
transformer. This might explain why one line terminal in the 
open-delta arrangement shows higher voltage to ground, by 
needle gap, than the other line terminal. 

In practice, of course, the action is not as simple as this, on 
account of the complex nature of the distributed capacity, 
reactance of winding, losses in iron core, etc., but this explan- 
ation of the phenomenon seems to be a simple, rational one. 

One word niore on Mr. Thomas's paper. I want to take issue 
with him on his choice of terms. I cannot understand why 
the term ''static" is used here to represent anything but a 
static condition. In the old days we had “ static ” electricity 
and “ dynamic " or "' galvanic "" or '' voltaic ” electricity, and 
the studv of static electricity had to deal with the distribution 
of charges on bodies of different shapes, the forces of the attrac- 
tion and repulsion between bodies and when they were charged, 
and similar matters. The term “ static '' applies to a condition 
of rest. Now, we seem to use the term to call to mind anything 
but a condition of rest. The term has crept into this use in 
the last few years and I hope we can find some other word 
which will more truly represent the condition of affairs, and 
not upset a term which already has a well-recognized use in 
the older books. 
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В. Н. Marriott: In the territory in which Mr. Creighton was 
making his tests there were several wireless-telegraph stations 
from 1905 to 1907. At these stations we had a great deal of 
trouble with what is called ''static." There were four stations: 
one at Pueblo, one at Altman, one at Colorado Springs, and one 
at Denver. At the Denver station were two masts 200 ft. 
high and 300 ft. apart, with a station house half-way between. 
One aerial consisted of a flat-top loop in the same plane with 
the masts, and stretched across the top of the masts, and with 
the ends in the station house. Another aerial consisted of forty 
wires suspended from a cable, and in planes at right angles to 
the plane of the masts. The highest point reached by the forty 
wires was about four feet, directly below the flat portion of the : 
loop. The relation of the flat-top loop to the forty wires was 
in some respects similar to the relation of the grounded over- 
head wire to a transmission line. 

On a test made between points to ground while a thunder 
shower was approaching, the maximum discharge from the forty 
wires was approximately 2 inches high, and the maximum dis- 
charge from the На {ор loop was approximately 24 inches. 
We accounted for the greater discharge from the loop as due to 
the fact that it was higher in the air than the forty wires. 

At all the Rocky Mountain stations the wire that extended 
in the air the highest gathered the most static, as indicated by 
the wireless receiver, even though the natural frequency of that 
wire was greater or less than that of the lower wires. 

There were about three months of the year 1906, June, July, 
and August, when we had bad static practically all the time, 
except between 3 a.m. and 6 a.m. The natural frequency, 
1.c., the number of alternations in the discharge itself, was ap- 
parently at times about 1,000,000 cycles—so estimated becausc 
the tuner was set frequently at 300 meters, and the static im- 
pulses were received better on that tuning than on others. 
The tuner consisted of variable inductances and a fixed con- 
denser. I should say, from my experience with these static 
discharges, that they were sometimes as low in frequency as 
50,000 cycles, and sometimes as high as 3,000,000 cycles per 
second. The discharge frequency, that is. the number of sparks 
at Pueblo, on one test from a seven-wire, 200-ft. aerial across a 
34-in. spark gap to ground was one spark per forty seconds, 
whereas across a l-in. gap a discharge took place about every 
one-half second. 

We accounted in different ways for the static which troubled us. 
One explanation was that a discharge took place between a cloud 
and the earth, or between two clouds, setting up electromagnetic 
waves which traveled out like the electromagnetic waves from 
our transmitter, and thus set up oscillations in our receiver 
antenna. Another cause that we attributed the static to was 
that the air about our aerial had a potential difference to earth, 
and discharged to earth through the aerial. Another cause was 
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friction of winds on the wires. In our telephone receiver, when 
attached to the wireless detector, the static makes a buzzing 
noise, weak static making a faint buzzing noise, and strong 
static making a loud buzzing noise. The strength of this 
buzzing during a wind storm increased with the velocity of the 
wind. This may mean, however, that when more air is passing 
more charges are carried to the wire. 

I have never known of a wireless station being struck by 
lightning. In one case a report came in of damage to a station 
due to lightning, but on investigation it was found that the op- 
erator, not realizing the conditions, had moved an antenna 
from its original position, and had placed it above and across 
a 1300-volt line. The antenna guy ropes stretched, and ground- 
ed the line through our receiving instruments, which acted as 
afuse. This occurred at Altman, where lightning is so common 
and severe in the summer that a description of its activities 
is almost unbelievable. The aerial here was 160 ft. in height. 
On one occasion. when I was present lightning burned out a 
transformer situated about 100 yds. from the wireless station. 
These burnouts were said to be quite frequent. In Pueblo we 
had a 200-ft. tower mast at Minnequa Park, in a district in which 
lightning is said to strike very frequently. This mast, with 
16 steel guys, broken by strain insulators, had just been com- 
pleted, and a steel cable was pulled up about 100 ft. with its 
lower end lying on the ground. During the night lightning 
struck a one-story house about six squares away, but there was 
no evidence that it had struck the mast or any of the cables. 
It appears to me that the most probable explanation as to 
why these wireless stations were not struck is that the antennae 
served as a path through which the charges above and around 
the antennae gradually leaked to earth; thus preventing the 
accumulation of a sufficient quantity of electricity, at any one 
time, to cause damage upon discharging. This explanation is 
based on the fact that the severest static occurs shortly 
before a thunder storm reaches a station, 

D. В. Rushmore: Our knowledge of lightning phenomena is 
constantly increasing, and the operation of lightning arresters 
is each year becoming better understood. For much of this 
we have to thank the oscillograph. 

Some caution is necessary in interpreting the results of indi- 
cations caused by the puncturing of a piece of paper. И is 
possible for discharges to take place over series resistances 
which puncture paper and which have the optical effect of a 
considerable discharge, whereas in reality the conditions mav 
be such that but little relief 1s afforded to a rise of voltage. 

A great deal of engineering must be done on more or less 
inexact knowledge. This is true of the use of a ground wire, 
where it is difficult to get exact comparisons of operation under 
the same conditions with and without that protection. 

Complete protection against lightning is being more or less 
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closely approximated at present. From the experience which 
the speaker has been able to gather, 1t would seem that a trans- 
mission line can be practically protected against atmospheric 
disturbances by appropriate tower design, by the use of one or 
more ground wires, by the use of lightning rods and bv the use 
of a much higher factor of safety in line insulation than has been 
customary. With modern protective apparatus, intelligently 
installed and kept in efficient working condition, it should be 
impossible to obtain a rise of voltage in that vicinity. 

It would seem to be a fair statement to sav that we are now 
at a point where, with the best apparatus installed in the best 
possible manner, and with the most careful design of transmission 
lines, practically complete protection against lightning can be 
had. 

J. W. Fraser: І want to sav a few words commending the 
work that has been done on this subject, and that has made 
possible the papers which we have heard this morning. The 
scope and thoroughness of this work 15 highly deserving of 
mention, and I am glad to see such a large attendance, and to 
find that so many of the members have taken such a deep in- 
terest in this work; for it 1s only by such intelligent and pains- 
taking investigations that manufacturers can obtain sufficiently 
reliable data to give us an arrester which will be of real service 
under all conditions. 

In the past it has been the practice of the Southern Power 
Company to install alternately а ти џар ог low-equivalent ar- 
rester, at all their sub-stations, in addition to the grounded 
wire over both steel and wood lines; and this company installed 
last autumn and this spring fourteen aluminum-cell arresters, 
half of one make and half of another, at various points on the 
lines. Several severe storms have passed over different parts 
of the hnes since these arresters were put т service, and they 
seem to be doing good work. On grounds these arresters have 
operated continuously for several minutes, apparently with 
verv small variation ш the voltage. 

Although there are 315 miles of 44,000-volt line with 98 trans- 
formers, and 50 miles of 11,000-volt line with 48 transformers 
in service on the Southern Power Company's line, most of which 
were installed last summer, only one transformer has been lost, 
out of the entire number in operation, from causes traceable 
directly to lightning. It is to the credit of the manufacturers 
that this is the case. True it 15 that a few terminals have been 
burnt off and a few bushings broken, but such troubles are not 
comparable with burnt-out transformers, and show the necessity 
for a better path to ground than the old arrester. 

It has been the intention of the Southern Power Company 
to make a systematic study of lightning and freak voltages, 
but so far all that has been done is to keep an accurate log of 
all disturbance on lines since Januarv 1, 1908. Out of the 
twenty-one lightning storms which have passed over the lines 
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since that time, eighteen were severe and three were light. 
Out of eight storms there was no damage of any kind. In five 
storms, a total of about a dozen insulators had either one or 
two petticoats broken off; in two storms two meters were dam- 
aged; in two storms one leg of three 44,000-volt oil switches 
were punctured; in one storm, one 2200-volt oil circuit-breaker 
blew up (no current on the transformer and the lightning struck 
a short secondary about 300 feet long) ; 1n one storm, transformer 
leads were burnt off two transformers inside the case; and in 
two storms the line was grounded through a punctured insulator 
and caused considerable damage. 

The most difficult thing we have to contend with is a grounded 
conductor. The overhead grounded line and the old form of 
lightning arresters seem to take care of ordinary lightning 
storms comparatively well but as soon as a conductor gets 
grounded, due to апу cause, there 1s sure to be a fire display 
over the entire system and damage is inevitable. We believe, 
however, from the experience we have had with the aluminum- 
cell arrester that this arrester will be of great service in trouble 
of this nature. Its ability to withstand continuous discharge 
for some time without varying the voltage materially gives it 
a place unheld so far by апу other arrester А rather peculiar 
incident happened the night before I left to come to this meeting. 
I had just read the part of Mr. Creighton’s paper that refers to 
the station. grounds, where he cautions every one to couple 
all grounds, when our Superintendent of Construction came in 
and related an experience he had had that day bearing out Mr. 
Creighton's warning. The Superintendent had two heavy steel 
towers erected in concrete across the tail-race of the Great- Falls 
Power house and was guving to an old cedar stump the end of a 
messenger cable which he had strung between the towers to carry 
conductors across. Не and five of his men who had hold of 
this wire received а very severe shock and heard the electrolytic 
arrester about 200 feet away discharge and hold for an instant 
or two. As soon as the arc broke the men were relieved. On 
investigation it was observed that the end of the pipe to which 
the arrester was grounded was only five or six fect awav from 
the men's feet, and that the earth was comparatively dry around 
the pipe. which was only a few inches in the ground. 

This pipe was not installed for a ground but for part of an old 
water main used in construction. It is quite evident that the 
current was seeking a better ground through the foundations 
of the steel towers, the concrete of which was still moist. 

Mr. Thomas speaks about the bits of paper being punctured in 
various places. An insulator on our line was punctured in 
three separate places and shows the slag formed evenly around 
each hole. 

W. Г. Waters: I was much interested in the conclusions 
which Mr. Berg draws from his experiments. He finds that 
whenever we have an open-air arc on a circuit, we get ex- 
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tremelv high potential rises on the end coils of the transformers. 
According to his figures, we would get a potential rise equal to 
about 15 or 20 times normal voltage on the first 200 turns. 
This will probably mean that we get a potential rise of 100 to 
200 times normal on the end turn of the winding, and it should 
be remembered that this potential rise is not a sudden strain 
merelv but that it continues as long as the open-air arc is on 
the circuit. I think that only a transformer designer can realize 
how serious such a potential rise would be. On large 60-cycle 
transformers we have up to 200 volts per turn normal potential, 
so if we get this sudden rise, described by Mr. Berg, it might 
mean 40,000 volts on the end turn of the transformer. It would 
not be commercially possible to insulate the transformer to 
stand such a high voltage between turns. 

The only suggestion which Mr. Berg offers for protecting the 
transformer is to place a series of condensers across the various 
coils. There would be little difficulty in insulating the indi- 
vidual coils of the transformer for high voltage—the great 
difficulty would be in insulating the end turns of the individual 
coils. For these condensers to be effective, therefore, they should 
be connected between the various end turns of the transformer 
coils. I think it will be realized that the suggested remedy of 
putting condensers across the individual turns of the trans- 
former would do little good, besides being unpractical. It is 
well known that the weakest parts of a transformer are the vari- 
ous voltage taps which are brought out, and I think it is easily 
seen that the additional danger due to numerous taps being 
brought out from the winding to the condensers would offset 
any advantage which might be gained from their use. The 
additional cost and complication of this series of condensers 
would also make the size and cost of the transformer prohibitive. 
I think that the only practical method of protecting the trans- 
former against these high-potential strains is the insertion of 
choke coils between the transformer and line. These choke 
coils will most certainly afford some protection to the windings, 
and it is just a question of selecting choke coils with the re- 
quired constants to give suitable protection. 

I rather think, however, that Mr. Berg in his experiment 
has chosen conditions which are in some way different from 
practical operating conditions. We have been operating 
transformers for the past fifteen years on power circuits 
which are exposed frequently to open-air arcs and have 
been doing this without any extra insulation on the transformer 
windings and without choke coils. According to Mr. Berg’s 
experiment, we ought to lose our transformers every time we 
had an open-air arc on the circuit, and we all know that this is 
not the case. I think, therefore, that Mr. Berg must have 
some special conditions present in his test which caused him to 
obtain unusual results, and that he should guard against drawing 
general conclusions from a limited series of special tests. 
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William McClellan: After some experience with lightning 
arresters at voltages varving from 11,000 to 60,000, I cannot 
help but think that the two methods of obtaining data as shown 
in the papers of this morning, while both valuable, fill very 
different places in the study of the subject. 

So far as effectiveness is concerned, the speaker believes the 
method used by Mr. Creighton is of the very highest value, 
and it is with the greatest pleasure that he bears testimony to 
his enjoyment in ieading the paper. It seems almost certain 
that the final solution of the problem will be reached by this 
method sooner than by any other. 

It must be conceded that results obtained by a test-paper 
method can only be corroborative of the conclusions and pre- 
dictions obtained from the experimental methods. As is well 
known in all laboratory work, results can only be obtained 
when conditions can be isolated, and most engineers will agree 
that in work of this kind isolation is well nigh impossible so 
far as commercial lines are concerned. The variables are so 
many, the causes of each are so subtle, that it is difhcult to get 
any positive knowledge of what the conditions are at the time 
the phenomenon occurs. 

.. It would be well for all to note that the real problem at pres- 

ent in lightning protection arises in connection with trans- 
mission lines. It mav safely be said that we can protect at 
present any kind of station, and all the future can do is to 
make this protection simpler and less expensive. We are far, 
however, from a solution of lightning protection to transmission 
lines. In this connection the write1 can only repeat his opinion, 
expressed before, that the ground wire will be found eventually 
to be the only real method which will give protection. But the 
ground wire, to be adequate, will have to be installed in a more 
elaborate manner than is now customary. There is no doubt that 
in time to come we shall build our transmission lines with as 
much care, and they will warrant as much expense, as a high- 
speed railroad right of wav. I think we must recognize sooner 
or later that if the transmission line is to be protected adequately, 
so as to give practically continuous operation, we shall be com- 
pelled to put on it several times the expense that we do at 
present. The error we are making at present is in attempting 
to get line protection cheap. 

Farley Osgood: I would ask Mr. Thomas if he can tell us 
from these tests something about the limits of the area of the 
disturbance. Not very long ago most operating engineers felt 
when a lightning storm came that they were likely to feel the 
effects of it everywhere in their system. A number of mv 
good friends now tell me that half a mile is likely to be the limit 
of the area disturbed. Possibly in the test made on the Tavlor’s- 
Falls line this point was brought out. If I remember Mr. 
Vaughan's paper correctly, it indicated that one-half to three- 
quarters of a mile seemed to be about the limit of severe dis- 
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turbances, but as an operating engineer, I feel safe in saying 
that we dare not have verv great confidence in that statement. 

I would also like to ask if anv of our friends can tell us what 
benefits are derived from serving the phase wire near the in- 
sulator. This practice is not a general one, but some of my friends 
follow it and they record remarkable results in the loss of a 
great number of insulators without the parting of the phase 
wire. I therefore simplv bring it up as a matter for discussion. 

I wish to agree with Mr. Rushmore about forming final con- 
clusions from the results of the tests and experiments which 
are now going on. His reference to Mr. Thomson's chain of 
lightning disturbances reminds me that a year or two ago, 
when the sun spots were observed, and it was supposed this 
condition would give us a good deal of trouble, our good friends 
who seemed to be in pretty close touch with the folks who send 
us lightning storms, alarmed all the operating engineers 
at the prospect of some terrible lightning storms that season. 
These conclusions were based on very careful study, but as a 
matter of fact I think we had less disturbance from lightning 
storms that vear than in any previous year. 

Dugald C. Jackson: I wish to call attention to the enterprise 
and foresight of the manufacturers who have supported the ex- 
periments Mr. Creighton carried on, and likewise of the owners 
of transmission lines who have supported the experiments pre- 
sented by Messrs. Vaughan and Neall We have been this 
morning viewing the papers from the standpoint of the results 
that have already been attained. Now, these results are 
large, but they are merely indicative of thc path to be followed 
toward a solution of the lightning difficulties. I believe that Dr. 
Kennelly is too much influenced bv his experience in the tele- 
graph art, when he throws out the inference that lightning 
protection for transmission lines will not be reasonably perfect 
in the future. We spend so much monev for the insulation 
of transmission lines as compared with the insulation of tele- 
graph lines, and the value of the apparatus to be protected is 
so great as compared with that in the telegraph lines, that we 
can afford to spend enough money to protect transmission lines 
and protect them thoroughly. 

It used to be said that successful paralleling of alternators 
was impossible. Now it is one of the commonplace matters of 
engineering practice, this paralleling of alternators. Of course, 
now and then an accident occurs to paralleled alternators, but 
that does not alter the fact that paralleling of alternators 15 
successful. Likewise, we seem to be ina fair way to soon see the 
“impossible” accomplished in the protection of transmission lines. 
The experiments that are now being carried on with trans- 
mission lines are doing more to bring us to a real knowledge of 
the characteristics of lightning strokes, and ot the measures to use 
for protecting the lines from their injurious effects, than every- 
thing that went before. We should view the experiments that 
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have been set forth in these papers from the standpoint of 
what thev lead toward, and also from the standpoint of the great 
ingenuity and ability with which the work has been done,— 
not merely viewing what they show in completion. If such 
results and such methods of work as are laid down in Mr. Creigh- 
ton's paper, or as are laid down in the paper that Messrs. Vaughan 
and Neall earlier presented, came from a laboratorv of '' pure 
science," these results and a statement of these methods would 
be heralded with acclaim. Coming from engineers. as thev 
do, as part of the engincer's daily work, thev are part of the 
craft of the engineer and we forget the tremendous labor and 
tremendous ability that has gone into the experiments, and our 
discussion is likely to tend toward criticism instead of en- 
couragement. That does not seem to me to be in keeping with 
the pioneer character of the papers or fair to the art dealt with. 
A reasonable amount of acclaim given to the experimental re- 
sults and beautiful methods used, will encourage and lead 
toward the more rapid extension of such work; a result which 
is earnestly to be desired. The Institute is fortunate in having 
these papers before 1t for discussion, and I desire to express mv 
varticular admiration of the manner in which the authors 
conceived and executed their experiments and presented their 
results. 

Chas. P. Steinmetz: I caution you not to accept too broadly 
the statement that lightning disturbances extend only over a 
half-mile or less. This is really not the fact. I know from my 
own experience that occasionally when a lightning storm passes 
in the Hudson valley, the lights in my house, thirty or forty 
miles away, go out. The statement made in the paper is cor- 
rect in so far as the disturbance produced by the lightning 
stroke, by its very abrupt discharge, extends only over a half- 
mile or less, possibly even over only a few poles; but internal 
surges produced by these lightning disturbances, as by a grounded 
phase resulting from the puncture of an insulator by lightning, 
extend over the entire svstem, and the latter disturbances аге 
those which are most serious and thus most noticeable. Whereas 
the direct lightning stroke is only the starting point of the dis- 
turbance, the latter disturbances are really the phenomena 
against which we have to guard and hope to guard bv the 
aluminum arrester. ` 

With the statement made that transformers break down 
equally as often in the middle as at end turns, I cannot agree. 
It was the frequent breakdown of end turns which caused manu- 
facturers to increase the insulation of the end turns again and 
again. The transformers, as they stand now, with the verv 
heavy insulation of the end turns, тау break down equally 
often at the end turns as in the middle, but this merelv shows 
that the engineering design is correct, that we have increased 
the insulation towards the ends so much as to give the same 
margin of strength throughout the entire transformer. The 
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equal frequency of breakdown throughout the entire trans- 
former, with the much heavier insulation of the end turns, 
proves that the strains are far more severe toward the ends. 
If we left the end turn unprotected, you would find a very dis- 
astrous state of affairs. 

Regarding the weird phenomena described by Mr. Berg in 
his paper: it is true we can make a picture of these, as Mr. 
Taylor shows, but what we desire Mr. Berg to give us some 
time is not a mere picture—how it happened—but we expect 
to get equations of it. 

I have seen phenomena of the same character, which are 

quite curious. Some years ago we built a 500,000-volt trans- 
former—this was quite some time ago, and we knew a great 
deal less of very high voltages at that time than now. With 
the transformer fully assembled, and with the terminals brought 
out from the oil, we were never able to run the transformer up 
to full voltage. It always broke down. If we took the ter- 
minals off, below the point where thev come out of the oil, 
leaving the transformer connected with full voltage, we could 
run the voltage considerably beyond 500,000, without doing 
any damage. It was merely a case of a small terminal capacity, 
and by bringing the terminals out in the air, the brush dis- 
charge produced a high-frequency oscillation, which made the 
transformer break down internally, at a nominal effective 
voltage below that which it would stand as a steady stress. 
. E. E. Е. Creighton: In reply to Mr. Lincoln's question, of 
whether there was dynamic current on when these records, Figs. 
3, 4, and 5, were taken, I will say there was not. Of course, 
if there had been dynamic current there, the arc would have 
continued to play and the record would have been lost. The 
record shows nothing but the oscillations of the circuit. 

In regard to the overhead grounded wires, I think that 
phase of the subject has been discussed pretty thoroughly. 
The overhead grounded wire cannot produce complete protec- 
tion, but it will, as a rule, bring the protection within the range 
of the insulation of the line, and in that way reduce the prob- 
ability of interruptions to a very small value. When a very 
heavy direct discharge strikes the overhead wire, there is still 
a possibilitv that the line will arc to ground due to '' side- 
stroking.” The farther away the ground wires are from the 
line wires, the less will be the danger from this source. 

A number of years ago we made some laboratory experiments 
on the protection afforded Бу the overhead ground wire, and 
we found that the wire gave about fiftv per cent. less sparking 
potential with the overhead grounded wire placed above it. 
The test was carried out by placing a large plate of sheet metal 
above the wires experimented upon, and regarding the plate 
as the cloud. 

In regard to the storms themselves, there is no doubt that 
every storm varies in its characteristics from every other storm, 
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to a certain extent. We might get an analogy by noting that 
in any dusty place, around a building or fence corner, every 
wind current or every wind storm that comes up has a different 
effect; but if you watch you will find that little currents or 
whirls of air will frequently form at certain places. You find 
the same thing with cloud effects. Out on the plains thunder 
clouds may appear anywhere. In the mountains the heated 
air in the canyons will cause thunder clouds to form repeatedly 
in the same location, and the mountains themselves give a 
. direction to the winds. Although I think the direct observa- 
tion of storms in general gives very little practical information 
in engineering, yet an attempt at classification explains some 
differences in their destructive effects. Not very long ago we 
Observed a storm which was rather peculiar. It was made up 
of clouds in the form of an inverted cone. I was stationed at 
a point about two miles away from the apex of the cone, and 
I observed that the lightning strokes would start from all direc- 
tions in the body of the cloud-cone and discharge at one partic- 
ular point, the apex. The conditions are shown in the figure. 


Ес 1 


At the station where the speaker was there was not even 
rain until some time after the lightning display ceased. 
The electrical storm was severe but its effect on the trans- 
mission line was negligible. There were over fifty strokes at 
the apex of the clouds. If the apex of the clouds had been 
situated directly over the station or line the destructive effects 
would have been great, and the protective apparatus would 
have been called on for its maximum discharge rate. 

The distance to the point on the earth struck by the discharge 
was located by the well-known method of counting seconds 
between the instants of seeing the flash and hearing the thunder 
and allowing five seconds to the mile. Since the apex of the cloud 
was only ten seconds distant and the thunder would roll for 
fifteen seconds after it started, some confusion would naturally 
be experienced unless the conditions were analyzed. There 
were at least three definite relations between the thunder and 
lightning which a fortunate situation relative to the storm aided 
in checking. 
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]. There was the flash to ground, followed about four seconds 
afterwards by mild rolling thunder, which increased in intensity 
up to ten seconds, and then ended in a loud crash. This thunder 
was due to a discharge which started in the clouds directly over- 
head at an elevation of nearly a mile and darted to the apex, 
gathering a greater quantity of electricity as it went. This 
increase in the quantity of electricity is not the only factor 
affecting the noise of the thunder. The wet atmosphere in 
the clouds relative to the dry atmosphere between cloud and 
earth was a good conductor. There would therefore be less 
tendency for the discharge in the cloud to collect in one streak. 
Between these two effects, the noise of the rolling thunder 
increased despite the fact that 11 came to me from a greater 
distance. 

2. After an interval of ten seconds following the flash to 
earth the thunder started with a heavy crash, and then rolled 
during eight to fifteen seconds, gradually diminishing in inten- 
sity. This thunder was due to a stroke coming from the 
further side of the cone to the apex. 

3. After the flash to earth there was an interval of ten seconds 
and then a crash of thunder with little or no rolling. This 
thunder was due to a stroke moving through the clouds to the 
apex at right angles to the point of observation. АП the path 
of discharge being at nearlv the same distance the sound from 
the different portions arrived at the same time, hence the lack 
of rolling. 

Since the strokes occurred at intermediate angles also, these 
three effects were obtained only to a lesser degree. 

The theory of the formation of thunder clouds leads to the 
conclusion that this conical form of storm cloud occurs frequently 
on the line. 

Mr. Taylor questions the use of the word lightning to express 
all abnormal conditions of potential on the line. That name 
is due to Dr. Steinmetz—-it was a very convenient term, and we 
adopted it. Subsequently, the use of the word '' lightning ” 
was discussed by several interested engincers, with the result 
that Dr. Steinmetz and the writer agreed to use the term light- 
ning only in its time-honored sense—cloud discharges and their 
induced effects. Some general term 1$ needed to cover the 
various abnormal surges which occur on a transmission line. 
Several words were discussed but none agreed upon. 

Mr. Taylor brings up the question of lightning frequency. I 
think mv statements will be clear if one accepts the general 
term lightning as any abnormal condition of tension on the linc. 
А frequency of one million cycles per second was measured bv 
a number of coils, described in the paper, and I am very glad 
to get the opinion. of wireless-telegraph engineers that they 
also have noticed frequencies of that order, measured by a dif- 
ferent method. Dr. Steinmetz has made calculations on the. 
probable frequency of cloud discharges, and the value has 
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come out of the order of a million cycles. A cloud discharge 
тау have a frequency of onlv fifty thousand, or it may have 
по frequency at all—may be а non-oscillatory discharge. There 
is reason to believe that this latter condition may obtain under 
some circumstances. The lightning is gathering from perhaps 
miles around, or may be merely passing through a few acres of 
cloud, but in gathering it has to pass through a high resistance— 
pass from point to point in the clouds, in the form of brush 
discharge. Therefore, it seems reasonable to assume that cer- 
tain lightning strokes can occur without any oscillations at all. 

Mr. Taylor brings up the question of the resistance of the 
carth independent of the contacts. The usual contact resist- 
ance of an ordinary pipe earth, if well made, will be about 
fifteen ohms. It may be considered that the resistance is con- 
centrated in the immediate neighborhood of the pipe. In the 
case referred to, the data are given for a condition out in the 
Rocky Mountains, where as the term indicates, evervthing 1$ 
rockv—the mountains are composed of solid rocks. The rock 
is dry, hard, and of low conductivity. The conducting earth 
between the two points measured was in a уегу narrow canyon, 
consequently the resistance depended upon the distance. In 
another case the earth resistance was very much less, being only 
a few ohms. Іп а neighborhood where there is plenty of good 
loamy soil, and plenty of moisture, there is no doubt that the 
actual earth resistance, independent of the local and contact 
resistances, would be very small. 

In regard to the questions brought up in connection with 
Mr. Berg’s paper, I wish to corroborate the statement made 
by Mr. Berg, that the biggest problem we have to-day is not 
the protection against cloud lightning, but protection against 
the internal surges. Some of the worst conditions observed last 
summer in Colorado were due to these internal surges, com- 
bined with short circuits. This combination gives the worst 
condition that can exist on the line, outside of a direct stroke. 
A direct stroke affects only a small locality, whereas a grounded 
phase, combined with a short circuit, may affect the whole 
circuit, and usually does. 

There is just one other point I wish to take up: the conditions 
of further studv. Personally, I am indebted to a number of 
operating engineers who have assisted in this work, and the 
operating engineer has put up to him part of the problem 
which he must solve himself. So far as we are able to do so, 
we shall continue to study; but from the factory end we cannot 
hope to solve the entire problem, because the conditions on one 
line are not the same as on another. The problem relates to 
protection against accidentally grounded phases, the installa- 
tion of the number of lightning arresters necessary to effect 
this protection, and the spark potential of the lightning arrester. 

Now, in order to make a lightning arrester that 1s marketable, 
it is essential to keep the price down to a value which is compar- 
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able to the cost of the apparatus to be protected—say the trans- 
former, the generator, or whatever it may be. This condition 
has necessitated the use of a gap in series with an aluminum 
arrester. The questions are: what gap-setting to use and how 
many of these aluminum arresters must be placed on a trans- 
mission system; that is, how many stations must be protected 
with the aluminum arrester, to give protection to all the rest? 
For example, if you have thirty stations, will the protection 
of ten of them with aluminum arresters protect the balance 
against internal surges? 

E. J. Berg: I have purposely refrained from giving any 
theory for the action of these arcing grounds, because an in- 
complete theory is worse than no theory at all I believe, 
however, that Mr. Taylor's theory will not apply. Referring 
to the diagrams showing grounding of one side of the open 
delta, you see that the transformer nearest to ground is subjected 
to a voltage which corresponds to 3.25 inches striking distance. 
At that time the striking distance across the outside transformer 
is 3.21 inches. If Mr. Taylor's theory were correct, the striking 
distance across this latter transformer would have been 2 inches. 

It may be of interest to add that at the time of such an arcing 
ground not only are the end turns subjected to high voltages, 
but also to considerably greater current and correspondingly 
greater heating, than the other turns. 

Regarding Mr. Waters’ discussion: I tried, as you see from 
the paper, to overcome the difficulties discussed in the paper, 
by the use of reactive coils, but was unable to reduce materially 
the stresses incidental to these arcing grounds. This was true 
even when using a large number of coils, the turns of which were 
approximately one-sixth of the total number of turns in the 
transformer. These coils did not contain any iron, but they 
were of the same dimensions as the transformer coils. 

Regarding the stresses on the end turns, Mr. Waters is no 
doubt perfectly right, but it may interest you to know that 
the company with which I am connected insulates the end turns 
of their high-potential transformers for one hundred to two 
hundred times the normal voltage. For very high-voltage 
transmission, it 1s likely that delta-delta connection will not be 
used, but instead the delta-Y grounded neutral, with which an 
arcing ground can not occur since such a ground means a short 
circuit, and consequently the line has to be cut out of service. 

Percy Н. Thomas: I wish first to say a word about Mr. 
Berg's paper. I think it is very important here to draw a dis- 
tinction in arcs, so-called. The arc which carries a great deal 
of current, and in which there 1s no cooling of the атс between 
alternations, and the type of arc that is under discussion, in 
which apparently there 1$ a practical healing of the gap between 
alternations, are entirely different things. I think it is clear 
that these rises of potential are produced by that type of arc 
which drops out between alternations; in other words, it is 
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but little more than a constant repetition of the condition of 
the initial ground. It is pretty well known that when a trans- 
mission wire grounds, the charge from the capacity to ground 
starts oscilations in the system and produces waves and re- 
flections of the same which may cause a rise of potential. 
This may have in the simple case a value twice normal, or in 
more complex cases somewhat more than this, on account of the 
presence of series inductance and on account of variations of line 
capacity, etc. ; but the action does not give enormous voltages, and 
introduces no new principles or features. I think that point of 
view will explain a great many of the phenomena reported т 
Mr. Berg's paper. 1 do not find here anything new, in the way 
of a danger which we have not heretofore recognized. To апу 
one who 15 familiar with experimental work of that character, 
the difference in the types of these arcs is easily detected. 
There is a rough, irregular sound in all arcs where there is a 
large percentage of healing in the gaps between alternations. 

Another thing, which has tended to increase the apparent 
rise of potential reported in Mr. Berg's paper, is the fact that 
he has given jumping distances, and not voltages. This causes 
a considerable exaggeration with the voltage higher than 25,000. 

I also wish to make one or two comments on Mr. Creighton's 
paper. I was going to raise the same point as was raised bv 
Mr. Taylor in connection with the assumption of a lightning 
frequency of 3,000 alternations. I see the explanation is that 
the term ‘lightning " does not indicate the cloud lightning, 
but the natural discharge of the line. I want to protest against 
the use of this word “lightning.” I donot think there is anything 
that will cause us more confusion than to use the term generally 
for all sorts of discharges in the circuit and also for all disturb- 
ances Outside, as well as the natural lightning phenomena. И 
we could all get together and agree that we would give the 
word lightning a certain new meaning it would perhaps not 
be misunderstood. but we are writing for a great many people 
over whom we have no control and they will not understand 1t 
at all. 

Another point: In regard to the word “ static ", I wish to 
defend Mr. Berg. If there is one term that we need in the 
business, in electrical high-tension work, it is a general term to 
describe these disturbances which come from discharges or 
surges in the line, due to other than normally generated elec- 
tromotive force. These disturbances are entirely different in 
their nature from the so-called dynamic electricity. І know 
of no word which anywhere nearly so well expresses the idea 
as the word “ static." 

Professor Steinmetz: Lightning. 

Percy H. Thomas: The word ''static" is used broadly at 
the present time with this significance. It is true, surges are 
not static electricity, but this seems to me a meaningless ob- 
jection. I wish strongly to urge the general adoption of this 
term. No one will be misled, and it fills a long-felt want. 
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I wish to inquire of Professor Creighton, whether the use of 
salt, in perfecting ground connections using iron, would not be 
a pretty dangerous recommendation, on account of the corrosion. 
It is well enough for experimental purposes, to determine losses, 
but it seems to me would be undesirable for use in permanent 
grounds. 

I wish to state that in the past I have been inclined to doubt 
the efficiency of overhead ground wires and their effectiveness, 
but at the present time I am pretty well convinced that ground 
wires give the best and almost the only hope of completely pro- 
tecting transmission lines against lightning. The point I at- 
tempted to make їп my paper, and which seems to have been 
taken too broadlv, is that the particular experiments referred 
to in the paper have not proved that these particular ground 
wires were effective. If these ground wires are properly in- 
stalled, I believe they offer a very promising remedy. The 
danger is, first, that as they are ordinarily used, ground wires 
are not sufficiently separated from the transmission wires, and 
lightning striking them will also jump to the wire itself; and 
second, that they are not so located that the lightning will 
always strike them first. There is always a probability that 
there is one transmission wire, or possibly two, which is at a 
lower potential with regard to the cloud than the ground wire 
itself. There will be a tendency for a discharge to pick out this 
transmission wire rather than the ground wire. 

I cannot agree with Dr. Steinmetz that it is:not possible to 
distinguish between the effect of a bound charge and a direct 
stroke of lightning. To my mind, this difference is vital, for 
the reason that the character of protection required will be dif- 
ferent for the two types of disturbances. If it is a matter of a 
bound charge, you must have a static shield, which is difficult 
to obtain completely, but the intercepting of a direct stroke 
may not be so difficult. There can be no doubt that all these 
types of disturbances do affect the line, whether it is à bound 
charge, direct stroke or electromagnetic induction. The vital 
. question 1$, which sort is it that punctures insulators and slits 
the pole? If we find which one of thém docs that real harm, we 
can then protect against that, and let the others go. 

Mr. Vaughan's paper shows that there are a tremendous number 
of lightning disturbances which do not go over the insulators. 
I think a careful study of the paper shows that the attack 
which did the damage came from the air. 

Mr. Osgood asks about the extent of the disturbances shown 
by the Taylor's Falls tests. "There are two criteria: first, the 
individual stroke, which I believe is felt in severe form on only 
a very few poles, and second, the static waves in the line which 
are of limited energy and voltage but which travel all over the 
system. The evidence in Mr. Vaughan's paper and other evidence 
corroborates this. 

I wish to protest against the statement that we find 
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about three or four times on every occasion when we have 
a lightning-arrester paper, that this sort of data which is pre- 
sented should not be taken seriously, that it will not do to 
infer too much from it, that we must reserve our judgment, that 
it is necessary to prove these things before people can accept 
them, etc. It seems to me that is a narrow view to take of the 
subject. If all had taken that view, we would know almost 
nothing about lightning at the present time. Опе or two ex- 
amples from other branches of scientific work may be called 
to mind to show how untrue such a position 15. Take the in- 
vestigations of Hertz, who drew inferences from ordinarv 
microscopic sparks in an exploring coil—the theory he built 
up has proved itself to be true. Our data is fully as illustrative. 
Take the case of radioactivity, the results that have been ob- 
tained from the study of very minute and аррагепИу most in- 
significant measurements. · Similar 15 the work of J. J. Thomson 
and others on the ionization of gases. All these were worked 
out from data naturallv much more inconclusive than the data 
we have in lightning. | 
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DISCUSSION ON ' GRAPHICAL TREATMENT OF THE ROTATING 
FiELD." ATLANTIC City, М. J., Jury 2, 1908. 
(Subject to final revision for the Transactions.) 

Comfort A. Adams: This is not an easy paper to discuss, 
for although it presents many familiar phenomena, it presents 
them in a new language with which it takes time to become 
familiar. It is a very good kind of language, however, as it 
assists greatly in visualizing the problem in hand. This is of 
value, not only to the beginner in getting a picture of what 
goes on, but to the man who has to make the calculations, 
because when he can see the problem clearly in his mind’s eye 
he is far more apt to get accurate and reliable results from his 
calculations. 

There are, of course, numerous methods of attacking any 
problem of this kind with similar or identical results, but some 
methods are far more valuable because of their intimate con- 
nection with the physical side of the subject and this is true 
of the one presented by Mr. Hellmund. As to the comparative 
value of this method for the calculation of leakage, etc., I am 
not yet able to give an opinion, but it certainly is very inter- 
esting and throws much new light on several rather troublesome 
problems in induction motor analysis. 

R. E. Hellmund: In regard to the belt leakage phenomena, 
the diagrams lead me to the conclusion that matters are 
more complicated than I had previously supposed. It occurred 
to me lately that the latter, unlike the other leakages, depends 
not only upon the magnetic dimensions, number of turns, etc., 
of the motor, but also varies largely with the secondary resist- 
ance. The belt leakage phenomena depends upon the current 
distribution of the secondary, and the secondary current dis- 
tribution in turn changes with the secondary resistance. It 
may be shown, for instance, that in a squirrel-cage secondary 
with a resistance of zero, the current distribution is not even 
approximately sinusoidal but approaches closelv to that of the 
primary, the secondary being assumed stationary. In this case - 
the counter magnetomotive forces of the secondary are, at all 
parts of the circumference, equal and opposite to those of 
the primary.  Therefoie the belt leakage fluxes cannot exist. 
Assuming the other extreme; that 1s, a sccondary of very high 
resistance, the current distribution in the secondary will be 
approximately sinusoidal, and the secondary magnetomotive 
forces are no longer distributed like those of the primary. A 
certain. differential action; that 1$, belt leakage fluxes, seems 
therefore to be possible in this case at certain parts of the 
circumference. It will be of little value to discuss these ques- 
tions more in detail at this time since I have not yet arrived 
at definite conclusions as to their practical importance. 
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THE LOG OF THE NEW HAVEN ELECTRIFICATION 


BY W. S. MURRAY 


SYNOPSIS OF PAPER 
Introductory 
Object of paper. 
Value of mistake. 
Value of ignorance. 
Facts—necessary to stable conclusions. 
Effect of experience on decision. 
Relation of steam versus electric traction. 


The new chain—its old links. 
The public. 


Major Faults 


1. Power house. 

2. Insulation. 

3. Circuit-breakers. 
4. Line. 

5. Locomotives. 
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Minor Faults 


1. Generator burn-outs. 
2. Distribution. 

a. Multiple-track circuits. 

b. Independent track circuits. 
3. Contact wire. 
4. Hard spots. 

a. Hangers; 6, section breaks; с, deflectors. 
5. Signal wires. 
6. Locomotive current collectors. 
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Log of Operation 
1. Electric passenger service. 

Electricity versus steam. 

Train-minute delays; a, table; 6, chart. 

Serious failures—over 300 train-minutes. 

Engine repairs—a. Table showing engines in shop. 

Engine capacity—a. Table showing trailing loads in excess 
of guarantees. 

7. Engine-mileage—electricity and steam compared. 


The Electrification in Relation to Matters Other Than Traction 


1. Telegraphs and telephones. 
2. Public safety. 
3. Foreign wires. 


Commentary 
1. Lightning protection. 

2. Grounds. 

3. Tell tales. 

4. Train heating and lighting. 

5. Fatalities. 

6. Single- versus double-catenary construction. 
7. Cross-catenary versus bridge bents. 

8. Single-phase operation. 


Conclusion 
1. Alternating current and the engineer. 


THE LOG OF THE NEW HAVEN ELECTRIFICATION 


BY W. S. MURRAY 


The object of this paper is to bring the actual operation 
of the New Haven single-phase electrification as closely 
as possible to those who are truly interested in its merits and 
faults. If the writer can feel that this object has been accom- 
plished, the reward for the effort will be sufficient. 

In advance of freely opening up the subject without mental 
reservation, it may be well to say that he 1$ not unmindfyl of 
the adverse construction and criticism that will be placed by 
some upon the facts he intends to present. Having carefully 
weighed this, however, he has concluded that it should not be 
permitted to stand in the way of, or militate against, the sounder 
and analytical judgment of those intent upon a fair considera- 
tion of the facts as they exist. 

The first intention was to make the subject of this paper 
“ Тһе Errors Made in the Electrification of the New Haven 
System ", but realizing what capital such an “© admission ” 
would make for those few who are inclined not to be fair-minded 
on this important matter, the title has been changed, and the 
body of the paper built upon a description of the faults, major 
and minor, that have been made, and their effect, by log sheet 
reference, upon operation. After all, the citation of ‘ how 
not to do it " is far more valuable than '' how to do it”. И 
may be at some sacrifice of pride to discuss one's errors, yct 
there is something so valuable in the exposition of an error 
that this, in itself, is ample compensation for its acknowledg- 
ment. There seems to be too, something altruistic about a 
mistake or ' wrong ”; for in its death there is born a “ right "', 
and one can never really get on intimate terms with his mistake 
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until its rightful complement has been substituted. After a 
railroad has changed from a steam to an electric schedule, .the 
natural question immediately follows: ''Is it a success?" 
The answer to this question involves almost an infinity of 
analytical judgment. Electrical engineers have no greater 
professional or moral responsibility before them than the 
oresentation of all available data, in which will be included 
information of pertinent application in the solution of the vast 
electrification problems of to-day. To those entrusted with 
the responsibility of such decisions is due every possible help 
and light. Engineering conclusions are based on 5 per cent. 
theory and 95 per cent. practice; practice being made up of 
experience and an acceptance of existing allied conditions. We 
want nothing unless we know all about it before it is ours. 
If we are wise, we should not be so particular about its merits 
as its demerits. Perfection cannot exist. This applies to 
electrification as to other things. 

The duty assigned to the engineers of the New Haven rail- 
road was to provide for the electrical operation of their trains. 
At the early period of April 1, 1905, when we scttled down to 
this responsible task, the data in the field, upon which to base 
real conclusions, were about 5 per cent, in comparison with the 
experience now available. If ‘ Ignorance maketh the brave ” 
I can only say that I am more than thankful we were so ig- 
norant at the outset. I do not believe that this remark will 
need any explanation here. Could we have read the history of 
our errors, rather than have made them, I question whether 
we would have had the temerity—though I confess our convic- 
tions would have been the same—to ask the president of the 
New York, New Haven & Hartford Railroad Company to put 
up with the criticism, abuse, and unfair remarks that have been 
made by those ignorant of the facts, and of others who, per- 
versely, were intent upon their own selfish, narrow course with 
manifested abandonment of all purposes to acquaint themselves 
with the nature, the scope, and the possibilities which lay easily 
within their knowledge, merely by the asking. To-day I am 
thankful to say, this negative attitude 1s giving away to the 
alarm made manifest by undisputed facts, which demand their 
own recognition. I have no personal desire to make any other 
engineer think as I do. If he sees the facts I see them, then we 
will vote alike. То those who may be interested in my conclu- 
sion in regard to the New Haven Railroad electrification, I can 
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simply say that if I were in favor of its use three years ago, that 
now, standing on the more stable ground of experience, 
particularly in regard to the department of faults, I am doubly 
in favor of it to-day. I shall, of course, be interested in those 
who share this opinion after reading this paper, but I shall be 
doubly interested in them if their conclusion has not, in the 
slightest degree, been influenced by my own, but has been formed 
entirely upon the contemplation of the faults severally cited. 
And let me quickly add I shall be equally interested in those 
who honestly disagree with this opinion. 

Unlike steam traction, where the number of links in the delay 
chain is but one, electric traction has its delay chain composed 
of three links; namely, the power house, line, and locomotive. А 
failure in anyone of these links may produce train delay or 
delays. Measured by the degree of their seriousness, these 
links, in the order of their effect on delays, тау be mentioned 
in the order given. This is, of course, immediately apparent 
in that the power house affects all operation; the line, a con- 
siderable portion of the trackage, involving, possibly, several 
. trains; and the locomotive is usually confined to its individual 
troubles, only infrequently affecting following trains. This 
order naturally has application to all forms of electrification, 
direct current, single phase, or polyphase. 

In the conception of the form of power house, line, and loco- 
motive to be used in the New Haven system, ignorance and lack 
of experience led those pertinently interested in its success to 
believe that while the chain of power generation, and its trans- 
mission and utilization for traction, was of a new character, 
that its links, however, were made up of principles long recog- 
nized and reliable. They were right in this conclusion, except 
that it did not include certain phenomena which could not have 
been anticipated, due to the combination of these old principles 
in the form of this new chain. For example, there was nothing 
particularly disturbing about an 11,000-volt 25-cycle, three- 
phase power house, from which was to be taken most of the 
power from one of the phases generated; or of a 300-ft., 11,000- 
volt, single-phase transmission line, from the terminals of which 
the same voltage was to be distributed, cast and west, along the 
right-of-way of a railroad; or of a locomotive with a transformer 
installed upon it to take 11,000 volts and step it down to 600 
volts to supply 300-volt single-phase railway motors. Power 
houses of this character have been designed the world over, 
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except perhaps that single-phase current in the amount to be 
utilized had not been used elsewhere. Transmission lines of 
60,000 volts had been їп constant use. Апа, except that there 
was a moving contact in connection with the current that was 
to go to the step-down transformers on the locomotives, trans- 
formers of many times the capacity and voltage were in uni- 
versal use. The single-phase motor, indeed, may be said to 
have been new so far as the size required for the New Haven 
service is concerned, but tests made upon smaller units demon- 
strated beyond peradventure its tractive qualities and showed 
its characteristic curves to be closely similar to those of its 
prototype, the direct-current motor. This rcasoning, in close 
consideration of each class of apparatus, per se, has proved 
itself correct, and such irregulanties as have existed in the 
initial electric service, which the New Haven road offered to 
the public, while deserving the condemnation which the public 
can unfailingly offer, have been due to the ramification of a 
series of faults that have developed entirely outside the zone of 
previous experience. The delays (and public criticisms of them) 
have followed even into this late day, when the electric service 
is far better than the steam service it has replaced. It has 
occurred to me that certain engineers, who are unbelievers in the 
single-phase system, may interpret this paper asan apology. To 
them I would say, аз I do to the public, it 15 an apology for hav- 
ing delayed any of their appointments. То others, it 15 need- 
less to add that the citation of these troubles 1s given in the 
hope that they will, as they easily can, avoid them in the future. 


THE SERIOUS FAULTS 


Power house. The electric power supplv for the New Haven 
road is derived from four 11,000-volt steam turbine generators. 
three of which have an electric capacity of 3750 kilovolt-amperes 
single phase; the fourth unit consisting of a 6,000 kilovolt- 
ampere, three-phase generator, which can also supply single- 
phase current to the svstem. 

Although the generators as originally designed were 
made exceptionally strong, and particular attention paid to 
their insulation, due to the necessity of grounding one phase, 
it was found that the utilization of so much single-phase cur- 
rent from a three-phase star-wound generator produced a stray 
magnetic field completely out of the path of normal lamination. 
As a result it was impossible to develop for continued operation 
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more than 66 per cent. of the normal rating of the generators. 
Overloads of any character produced abnormally rapid heat- 
ing, making such operation dangerous, although the generators 
were guaranteed to carry 50% overload for two hours, and 100% 
overload for two minutes in order to meet the sudden drafts of 
currents required for a schedule such as exists on the New 
Haven road. Indeed, at the very start the actual drafts of 
current showed that the generators must meet imperatively the 
guarantees as to normal and overload capacities if the electrifica- 
tion were to be successful. These, then, were the power-house 
conditions that confronted the New Haven road on beginning 
the work of propelling alternating-current trains. The power 
house being the heart of an electric svstem, to add more would 
be to say less in describing a critical situation. 

I trust it is not to be my pleasure to meet the prophet, who 
says, " This could have been anticipated." Suffice it to say 
that after three unsuccessful attempts at complete correction, 
each, however, affording some constructive results—months 
being absorbed in the dismantling and readjusting of the parts 
of these generators—the final attempt was successful and the 
generators are to-day operating in the power house, fulfiling the 
guarantees mentioned previously. But this last mentioned fact 
is insignificant when compared with the valuable information 
that has been derived, which will permit all other generators 
to be manufactured without the fault described. 

Line insulation. The years of experience which we have 
had in the study of insulating various voltages led to what was 
considered a very conservative insulation in the various parts 
of the line. Messenger cables had to be insulated from the 
intermediate trusses and at their anchor-bridge termini. The 
trolley copper conductor was suspended from the messengers 
and had to be insulated at points where it entered the oil switches 
on the anchor bridges. Trolley wires had to be insulated from 
each other at section breaks. Оп curves, both messengers and 
troley wires had to be strained over the center of the tracks 
through the agency of pull-off posts at the side of the tracks, 
the pull-off wire being insulated between tracks and the pull- 
off column itself. Feeder wires had to be insulated from their 
supporting cross-arms and at points where they pass under 
highway bridges. None of these problems in insulation had 
the appearance of an especial character and, indeed, did the 
road-bed provide traffic only for electric trains, the problem 
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would have been simplicity itself. А pressure of 11,000 volts 
being the prevailing dielectric strain, the problem was to provide 
sufficient insulation at all the points mentioned above. 

Of the effect of steam locomotive discharges upon insulators, 
there was no initiative by which to be guided, and it became 
necessary to decide upon the factors of insulation that would be 
required. It was thought that ample provision had been 
made: it proved otherwise. Experience has proved that, in 
places, just double the amount is required. It was quickly 
noted that the greatest number of insulator failures occurred 
wherever the insulation was subject to the direct blast of the 
steam locomotive.: To correct the difficulty, therefore, it was 
found necessary to double up on anchor insulators. The 
intermediate messenger insulators proved adequate and it was 
not found necessary to increase the impregnated stick insula- 
tion between trolley wires at curves, but wood stick insulators 
had to be added in series with the moulded material insulator 
between the pull-off wire and pull-off post. The original insul- 
ators on the anchor-bridge switches were made of moulded ma- 
terial and for them was substituted porcelain. It was not 
necessary to change the feeder insulators on the catenary bridge 
struts. While very little trouble has been experienced with the 
form of insulation used for supporting the feeders under high- 
way bridges, it is anticipated that trouble will follow if this is 
not changed. The present form consists of the corrugated 
spool-type insulator, for which there will be substituted a 
regular porcelain double-petticoat insulator. 

To-day, instead of line failures being the rule, they have 
become the exception. 

Circuit-breakers. The momentary energy involved in a short- 
circuit. produced upon a line fed by high power, high-speed 
turbines is very great. Under the sub-title “ Power house ” it 
was stated that the generators were operating under their guar- 
anteed capacities. Internal heating, due to stray magnetic 
field, was the cause of the generators failing to meet their designed 
capacity. This heating was completely cured by the simple ad- 
dition of a short-circuited winding surrounding the rotating 
member of the gencrator, similar to that used in the well-known 
squirrel-cage type of induction-motor rotors. It is interesting 
to note here, however, that while the heating is entirely elim- 
inated by this short-circuited winding, its effect on the occasion 
of a short-circuit is to allow more current to flow. This ten- 
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dency, however, is controlled by a method later to be described. 
In the New Haven system, as the current from the power house 
was fed directly to the line and from there to the locomotives 
without transformation of voltage by transformers, the induc- 
tive element to counteract the surging current was practically 
negligible; under these conditions there resulted short-circuits 
which no circuit-breaker apparatus then designed could be relied 
upon to take care of. 

Here it 1s expedient to point out the very marked difference 
in operating conditions between circuit-breakers uscd on a sys- 
tem that is.grounded and one that is not. In either case, it 
is, of course, good practice to ground the frames of all circuit- 
breaker apparatus. In the case of the grounded system, this 
virtually brings one terminal of the generating system directly 
to the frame of the circuit-breaker; with the other terminal of 
the system connected to the jaws (contactors) of the breaker, 
it 15 readily seen that on the occasion of a heavy current surge, 
due to short-circuit, should the arc extend itself through the 
walls of the oil tank (wherein the circuit is broken), this would 
be a direct leakage to ground establishing a short-circuit around 
(or 1n shunt) to the circuit-breaker jaws, which action, of course, 
renders the circuit-breaker useless, and subjects it to the dam- 
aging effect of the arcing locally produced until interrupted by 
another circuit-breaker in series with the circuit. On the other 
hand, where the system is not grounded, even should the walls 
of a circuit-breaker be broken down, as explained above, there 
would be no electrical connection (unless the neutral be grounded) 
between the circuit-breaker frame and the generator, and thus no 
return path for the current. I desire to draw particular atten- 
tion to this point, for while the circuit-breakers used 1n our case 
open short-circuits, since the current surges have been prac- 
tically eliminated, I believe that the lining of the oil tanks 
should have an especially high insulation factor on grounded 
systems. 

The failure of circuit-breakers, either in the power house or 
on the line, naturally produced train delays of large or small 
magnitude. It was difficult to believe that these large circuit- 
breakers were incapable of taking care of the short-circuits, and 
some time was wasted in thinking this way. Therefore, we 
reluctantly but surely arrived at the conclusion that the con- 
ditions would have to be changed. 

The remedy was simple. Instead of feeding the main line 
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with a direct transmission straight from the power house bus- 
bars to the trollevs directly opposite the power house, the cur- 
rent was fed into the line over feeders connected to it at Port 
Chester and Stamford. Bv the introduction of this ohmic 
resistance, amounting to not more than 2 per cent. normal drop 
on the system, we were immediately released from the disastrous 
effect of short-circuits on our circuit-breaker apparatus. In- 
stead of losing as many as half-a-dozen circuit-breakers in a 
day, not that many were reported out of commission for a 
month, and, of course, they were not damaged to the extent as 
the others nor did they causc any serious delays. 

For the feeder resistance, above described, there has since 
been substituted impedance coils installed in the leads of the 
generators. "These coils act as shock absorbers, protecting the 
generators. Later, it is to be expected that there will be in- 
stalled a circuit-breaker across the terminals of these impedance 
coils, which, for normal operation, will shunt the current through 
them, the breakers opening under stress of abnormal flow of 
current and automatically closing when normal conditions are 
restored. 

Trolley wire. In the month of May, 1908, it became evident 
to us that within at least one month from that date, if some 
change were not effected in the contact wire, that the New 
Haven electric service would cease. While this truth was 
so plain, it may be best described by the fact that daily 
reports were showing that the copper trolley wire was 
breaking at various points; and where it was not broken it had 
become so badly kinked at the hanger points that it was im- 
possible to operate electric locomotives upon the line without 
seriousarcing. This resulted in violent surging on the locomotive 
transformers, and, at times, on account of the extremely poor 
contact of overhead shoes on the line, in reducing the voltage 
to such a low value as to prevent a sufficient supply of power 
to enable the locomotive to perform its schedule. An examina- 
tion of the hard-drawn copper trolley wire throughout its 
length proved that even after only a few months operation 
upon it, its cross-section had been so materially reduced as to 
point to its short life with a continuance of operation upon it. 
Especially was this true in the vicinity of the many low highway 
bridges where the trolley wire approaches the bridge on a two per 
cent gradient. This fault and dilemma were indeed serious. 
The cause of the difficulty was perfectly apparent; namely, the 
hard spots in the line which existed at the hanger points. 
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Many suggestions were offered. None of them, however, 
offered the speedy installation. that was paramount. Mr. 
McHenry, vice-president of the New York, New Haven & 
Hartford Railroad Company, made the suggestion that an 
auxiliary wire be suspended from the present copper wire 
(Fig. 2) by clips at its midpoint between the hangers, and 
followed up the suggestion that this auxiliary wire be made 
of steel, of the same cross-section as the 0000 grooved hard-drawn 
copper above it. It took two weeks for the manufacturer to 
draw two miles of this wire. It was installed immediately upon 
its receipt on the main line between Port Chester and Harrison. 
On the night of its completed erection a special seven-car train 
with two locomotives was operated upon it for several hours. 
Previously to the installation of the steel wire there had been 
installed a section of hard alloyed wire suspended in а manner 
similar to that of the steel. The electric train was operated upon 
them both, officials from both the railroad company and the con- 
tracting company being on hand to note their comparative merits. 
It was the general consensus of opinion that there was less 
sparking on the hard wire, and the general tendency was 
towards adopting that rather than the steel. Though ad- 
mitting that the operation was better, the steel seemed to be of 
an entirely satisfactory commercial nature, and all present 
finally concurred in this conclusion. It is undeniably true that 
hard alloyed wire would, from a purely operative point of view, be 
the better of the two, and yet the commercial aspect, which 
would naturally include its cost, had to be considered, par- 
ticularly in reference to so large an immediate order as one 
involving 100 miles of single-phase electric trackage. Again 
it is important to note that the steel, besides having the ad- 
vantage of being a cheaper, harder, and stiffer wire, also pos- 
sesses a ‘ower coefficient of expansion and higher elastic limit, 
especially valuable characteristics for the service desired. We 
found that we would be considerably delayed in the delivery of 
the steel, but an immediate order of 20 miles followed by an- 
other for 40 was placed, and as much hard alloyed wire put up as 
could be obtained between the date of the conclusion to use the 
auxiliary wire and the final arrival of the first shipment of steel. 
The auxiliary wire construction on the main linc, as described, 
prevails throughout the whole system, except at the approaches 
of and under a few very low highway bridges, where the contact 
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system consists of two wires strung in the same horizontal plane. 
The New Haven trains hàve been operating now on the 
auxiliary wire for several months, and absolutely no kinking 
has been noted at the hanger points, with the attendant result 
of a smooth and almost sparkless overhead contact. 
Locomotives. There were originally purchased 35 locomo- 
tives, which was considered an adequate number to take care 
of the New Haven passenger service. These locomotives, con- 
sidered per se, were rated on a half-unit basis. That 15 to say, 
the half unit was designed to handle about 75 per cent. of our 
trains, the remaining 25 per cent. to be handled by two units. 
Only a short experience in commercial operation revealed two 
important facts. The first one of a very encouraging nature, 
the second, decidedly otherwise. The first was the proof that 
the two main parts of the locomotive; namely, the transformer 
and motors, had sufficient capacity to more than handle the 
manufacturer's guarantees. The second was the discovery that 
many of the auxiliary electrical and mechanical parts of the 
locomotive equipment were not of equivalent capacity. The 
strength of the chain being measured always by its weakest link, 
it was immediately seen that the locomotives would be able to 
handle trailing loads in excess of their guarantees if the auxil- 
iary parts were made of sufficient capacity to furnish the neces- 
sary current for the overload conditions. It was simultaneously 
apparent that more locomótives would be required to provide 
for an increase of train service and the reduction of time schedule, 
and an order was promptly placed for six additional ones; 
before accepting their design, however, a careful survey was 
made of all the component parts of the locomotives at hand, 
in order to determine the changes necessary to be incorporated 
in the six new engines. To accomplish this it was found neces- 
sary to make a number of electrical and mechanical changes, 
the nature of which 15 apparent in the following tabulation: 


MECHANICAL ELECTRICAL 
Air Reservoir System. Revised. Aimmeters. Revised. 
Battery. Charging relay installed. 
Blowers. Commutator slotted 
Waste rear bearing. 
Armature laminations ground. 
Bearing raised above center. 
Motor winding revised. 


Boilers. Installed. 
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MECHANICAL 
Stack hood removed. 


Bell Rope. Installed. 


Blowers. New design installed. 


Guide on present damper rod. 


Extra guard on shutter. 
Bolster: Reinforced on truck. 
Brakes. New release spring. 

Cylinder leads lengthened. 


Check nut on adjuster. 


Compressor. Drip pans installed. 


Exhaust pipe installed. 


Air-cooled cylinder head. 


Check-valve. In whistle pipe 


Gauge. On oil tank. 


ELECTRICAL 


Controller. Bushing riveted. 

Shoe and trolley switch in- 

stalled. 
Circuit-breaker. Fused. 

Tank bolt secured. 

New type installed. 
Compressor. Commutator slotted. 

Armature laminations ground. 

New governor installed. 

Bearing raised above center. 
Cut-out Boxes. New drums. 
Fuse. In alternating current 

heater circuit. 

New auxiliary fuse box (wood- 

en.) 

Auxilary motors separately 

fused. 
Grounding switch. Installed. 

Control revised. 

Shutter in cover. 

Heater suntch. Shield installed. 
Heater bus-bar line. Reinsulated. 

Couplers repaired. 

Headlight. Adjusted properly. 

Porcelain switch installed. 
Motors. Holders reinsulated. 

New cross—connecting leads. 

Housing asbestos lined. 

Linen tape on commutator end. 

Side commutator covers per- 

forated. 

Perforated S. I. commutator 

covers. 

Field clamp bolt secured. 
Motor-generator. New switch. 
Preventive coils. Revised. 

Supporting frame revised. 
Direct-current relay. Connection 
to “—5” switch. 

Washer installed. 

Resistance. Insulated. 

Capacity increased. 

Connected ahead of motor. 
Switch group. Revised shunts. 

Revised studs. 

Revised arc shields. 

Copper reverse switches. 

One-turn blowout coils. 

Air ports enlarged. 
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Fic. 3—Locomotive without pony trucks 
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MECHANICAL ELECTRICAL 
On steam line. Alternating current frames in- 
sulated. 


Cylinder aligning set screws. 
Reinforcing wooden strip. 
Interlocked reverse switches. 
Fitting alternating current 
switches. 
Qutll- plate. Washers installed. Group covers perforated. 
New B. O. coil pole piece alter- 
nating current. 
Running-board. Оп roof. Switch. Block on direct current 
Main switch, connection modi- 
field. 
Semielliptic springs. 14 leaf. Canopy switch handles insu- 
lated. 
Shunt remounted. Direct. current 


Journal-box. Revised gibbs. 


Safety-valve. On control resistance ammeter. 
Trolleys. Control revised (alter- 


nating current). 
Side bearing springs (alter- 
nating current). 
Insulate back cross-rod (alter- 
nating current). 
Torque rods. Heavy installed. Shield for high tension lead 
(alternating current). 
Spring shortened (direct сиг- 
rent.) 
Insulator filled and painted. 
Temperature Indicators. 
Third-rail shoes. M. I. bracket. 
Pony wheels. Installed. Pin replaced by bolt. 
Jumper installed. 
Shoe levers cut off. 
Valve. On oil line to boiler. Fuse boxes—Refitted. 
Wattmeter. (Auxiliary) installed. 


Safety-chain. Made heavier. 


Uncoupling lever. Revised. 


The most important electrical changes made were т 
the switch-groups and brush-holders of the motors. The 
former lacked carrying capacity and the latter sufficient 
insulation. To these shortcomings were due the great- 
est number of our first train delays. The most important me- 
chanical changes necessary were the reinforcement of the truck 
bolsters and installation of pony whecls (see Figs. 4 and 3, 
respectively, for locomotive with and without pony wheels). 
The especial reference to these electrical and mechanical changes 
must not be construed as diminishing in any way the force of 
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necessity of the others, as thev were all considered absolutely 
necessary in order to preserve a low cost of electrical and 
mechanical maintenance. 

With the exception of the installation of pony trucks, the 
six new electric locomotives arrived within five months of the 
date of their order. In their design were included all of the 
changes above specified. To be noted here is the marked 
value of the spring type of armature and field suspension begun 
with the New Haven locomotive motors, thus making flexible 
the entire motor suspension. Indications already predict that 
this arrangement in combination with the pony trucks will 
reduce materially the track and locomotive maintenance 
and repairs. To-day the reconstruction, as above described, 
has been effected on over 90 per cent. of our locomotives. 

This last and serious fault with which we had to contend 
completes the major difficulties that were constantly threaten- 
ing the regularitv of electric service. 

It seems to be the time and place, here, to draw attention to 
a point in design concerning the New Haven locomotives that 
has been so persistently misrepresented by those who seem to 
have been ignorant of the facts. The specifications upon which 
the locomotive units were purchased, as stated hereafter, 
were that each unit would handle a normal trailing load of 200 
tons. The writer, by careful measurement of the weights of 
all the trains (trailing loads) in the New Haven service, found 
that they averaged 212 tons. It seemed good engineering that 
if 75 per cent. of the service could be handled by locomotives 
rated upon a basis of 200 tons trailing load, that that would be 
the correct locomotive unit size; using two units for the remain- 
ing 25 per cent. of the trains. To-day, three years after this 
decision, we find that 73 per cent. of our trains can be handled 
with single units, 27 per cent. requiring two units. The per- 
centage is slightly different from the original, as the service 1s 
slightly heavier. 

Coincident with the use of the first double-unit locomotive 
trains there was started a rumor that the New Haven locomo- 
tives did not have the capacity for which they were designed. 
To dispel this idea forever, I judge the best argument is 
to refer to Table X, wherein are stated the trains whose weights 
were in excess of trailing loads the locomotives were designed 
to carry. 

I trust that the above clears up any erroneous ideas con- 
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Fic. 5—Independent track circuits 
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cerning the capacity of the New Haven locomotives, and will 
justify the future double-unit trains entering and leaving the 
Grand Central Station. 

Recapitulating, I believe my brother engineers will agree that 
with the coincident difficulties described in our power house, line, 
circuit-breakers, trolley wire, and locomotives, the work of 
instituting electric service was not exactly laid over a bed of 
roses. These are the serious faults the system possessed and the 
description of our method of elimination of them that I am 
glad to be able now to place before you. We cannot blame the 
public for making the complaints they have against the New 
York, New Haven & Hartford Railroad Company's electric 
service, for to the traveling public there is nothing so exasperating 
as a train delay. It is fitting here also to say how appreciative 
the engineers of the New Haven road feel for the calm and 
generous suspension of judgment on the part of those engineers - 
who have reserved opinion until it could be based on facts 
which time only could so demonstrate as to permit presentation. 
There are many other little faults and difficulties here and there 
throughout the system, but the five described, though not 
fundamental in their effect, since they have been removed, were 
none the less the most serious. 


THE MINOR FAULTS 


Generator burn-outs. Previously to the rearrangement of the 
feeders or the installation of the choke-coils in the power sta- 
tion, the short-circuits that were experienced on the line naturally 
had a deleterious effect on the generators. The prodigious 
rush of current naturally produced severe strains in the arma- 
ture windings, strains whose mechanical intensity was made 
manifest by the movements of the coils. Therefore, during 
this period of violent short-circuits, frequently the gen- 
erator coils were grounded and burned out. Since the re- 
arrangement of feeders ог the installation of choke-coils, the vio- 
lent short-circuits have disappeared and with them the damaging 
effects on the generators. It has been found advisable, from 
time to time, to connect different generator terminals to the 
line. By this arrangement the three phases of the generators 
are in turn worked equally. 

Distribution. Although the arrangement of the line in its 
present feed and trolley connections (Fig. 5) effects the highest 
economy in loss of power by transmission, 3t is questionable to 
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my mind whether this economy is worth some of the disad- 
vantages which accrue from this arrangement. Until we had 
experienced the heavy current surges, due to short-circuits, it 
seemed reasonable that, should a short-circuit occur on the line, 
the two circuit-breakers which immediatelv fed that short-circuit 
would be the ones to respond. We were quite correct in this 
conclusion, but did not go far enough, as other circuit-breakers 
seemed to feel it their duty to relieve the situation and their 
location with respect to the correctly involved breakers was 
quite varied. Of course the ideal condition would be to have 
only the two breakers adjacent to the short-circuit open, as by 
this arrangement the voltage would remain on all trolleys ex- 
cept the one т which the ground is involved. This opera- 
tion can be effected, and at the time of this writing an effort 1s 
being made to obtain these results in practice. 

A less efficient method of line transmission (Fig. 2) than that 
described in the previous paragraph (using the same amount of 
copper for each case) 1s one in which each track has its own 
individual voltage supplied to it and 1s kept separate from the 
other trolleys. 

Contact wire. While the auxiliary wire, as previously de- 
scribed, was the panacea of our difficulties, and has given an 
excellent account of itself since having first been placed in 
operation, it is fair to believe that even a more sparkless opera- 
tion can be obtained from an auxiliary wire which, instead of 
being attached by a rigid clip to the overhead copper conductor, 
is simply suspended from it by a loop, thus permitting the 
contact wire to rise slightly as the upper pressure of the panta- 
graph shoe travels along its surface. The contact wire should 
be anchored by turn-buckles to permit slacking and straining 
of the wire in winter and summer seasons, respectively. 

Hard spots 1n line. Irregularities in the contact wire may 
be due to two causes. First, those that exist in the wire as it 
is manufactured; secondly, those formed on account of hard 
spots. The former can be taken out; if not, they are 
usually ironed out in the course of the operation of the shoe on 
the trolley. The three principal sources of hard spots are de- 
rived from hangers, section breaks, and deflectors. 

1. It has been shown in the foregoing how the hanger hard 
spots have been eliminated. 

2. The original main-line section-break consisted of a rect- 
angular impregnated wood frame suspended under the anchor 
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Fic. 8—Three-quarters view of one new and three old section breaks 
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bridges. The trolley wires were carried on opposite sides of 
this rectangle lapping, of course, a sufficient distance in the 
center so as to permit a short period of simultaneous contact of 
the shoe with both trolleys, thus preserving continuity of cur- 
rent to the locomotive in passing from one section to another. 
It was found that these rectangular section breaks were prone 
to get out of shape, introducing a very rough spot in the line, 
its effect being, on the passage of the shoe, to draw long arcs 
which frequently extended themselves to ground. Our new 
section break, Figs. 7 and 8, containing all the flexibility ob- 
tained by the auxiliary wire, has been constructed by simply 
staggering the messenger insulators of each trolley 16 in., thus 
permitting the anchor bridge trolley wires of the same track to 
passat this distance. Each trolley wire 15 dead-ended to a wood 
impregnated stick insulator, supported by the messenger of its 
opposite section. By this arrangement practically all inertia 
is taken out of the section break and a snarkless passage 
between sections 1s obtained. 

3. The auxiliary wire construction has been, of course, applied 
to the deflectors, and this has greatly reduced the tendency to 
spark at these points. In order to prevent the pantagraph 
shoe from engaging the wrong trolley wire at turn-outs on di- 
verging tracks, the mesh construction of the overhead frog has 
up to this time bcen the onlv solution, but this method seems 
unduly cumbersome and суеп a greater improvement is antici- 
pated than that secured by the application of the auxiliary wire. 

Signal wires. The catenary bridge struts carrying the cross- 
arms for the by-pass or feeder wires, likewise carry thc cross- 
arms upon which are installed the signal wires. The voltage 
placed on these signal wires 1s entirely distinct from the propul- 
sion voltage, it being 2200 volts and 60 cycles. The proximity 
of the wires of these two systems has been the causc of short- 
circuits between them, resulting in double failures. It would 
seem that as the signal system should be so completely separated 
from the propulsion svstem, it should be installed on an en- 
tirely separate pole line. If, however, right-of-way conditions 
make it absolutely necessary that the supporting structures of 
the catenarv system should support also the signal wires, then 
the two circuits should be made as distinctive as possible, the 
propulsion system having its wires on the cross-arms on the 
railroad side of the struts, the signal wires being installed on the 
opposite. 
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Locomotive current collectors. An efficient pantagraph shoe 
has proved itself a very difficult problem. The present cost is 
about .06 of a cent a locomotive-mile. We have made various 
experiments with aluminum, phono, copper, and steel rigid and 
spring-supported pantagraphs shoes. While this feature does 
not present a serious aspect, it is none the less a most interesting 
study. Shoe life is also seriously affected by the amount of soot 
deposited by the locomotives upon the overhead wire. While 
we have obtained nileages varying between 600 and 1500 miles 
per shoe with various types used, other roads of lesser speed and 
not subject to the effect of locomotive stack discharges, have 
obtained as high as 25,000 shoe-miles. 


THE Loc OF OPERATION 


Electric passenger service. So great was the demand for elec- 
tric service that in July, 1907 long before we were ready, as the 
records of our operation have proved, the first commercial ser- 
vice was begun between New Rochelle and the Grand Central’ 
Station. With all speed possible the electrification was pushed 
eastward and local service was established from Port Chester 
in August, 1907. Local service from Stamford followed in 
October, and finally, on July 1, 1908, all through and local pas- 
senger trains were under electric schedule between Stamford 
and the Grand Central Station. It is, therefore, beginning from 
this date of July 1, 1908, that I have compiled data of our opera- 
tion as taken from our records. We are not proud of it, but we 
believe that you now know of some of the obstacles that stood 
in the way of its immediate betterment at that time. 

Comparison between steam and electric service. It had been the 
hope of the writer to be able, even at this early datc, to make 
an absolute comparison between electric service and the steam 
service which it has replaced between Stamford and New York, 
including all passenger trains. On account of the speed re- 
strictions that have been introduced on the clectric service 
until all locomotives have been reconstructed with the new 
pony truck equipment, it is impossible to compare train-minute 
delays, for the reason that steam locomotives are permitted 
to make up time while to electric locomotives this privilege 
is denied. Later, when this restriction is removed, and espec- 
ially after a period of time more extensive than that offered by 
the present comparatively short period of operation, these data 
can be presented. Particularly worthy of notation here in com- 
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TABLE I. 


Ткатх-Мамиоте5 DeLay Durine Jury, 1908. 


Power Locomo- 
Day | house | Line tive Total Cause of delay 

1 zs “4 40 40 Third-rail shoe. Аш hose, third-rail. Traia line 
hose. One motor of locomotive grounded. 
Third-rail shoes. 

2 3 = 34 34 Third-rail shoes. 

3 20 2U Chanye-over switch direct current fuses 

4 3 3 Pantagraph. 

5 - T e ЖЕ No delays. 

6 15 2 15 Circuit. breaker. 

7 No delays. 

8 25 57 3 60 No power Direct current rail. 

9 15 15 Direct current switch grounded. 

10 13 m 13 Oil circuit-breaker. No power in Lirect Current 

11 Bf ЖР pk Em о 

12 T pä 16 16 Control current from storage-batteries low. 

13 а а e T No delays. 

14 Es T n Ж Over 300 train-minutes. 

15 oa 4 72 72 Circuit. breaker. Preventive-coil ground. Panta- 
graph. Third-rail switch. Motor man failure. 

16 S is si - Over 300 train-minutes. 

17 s 12 29 41 Insulator on foreign line broke. Change over 
switch Alternating Current coasting over gap 
at new bridge. 

18 - РА 7 7 Direct current Fuses. Stopping on gap at bridge. 

19 ii 34 47 81 Line circuit-breaker. Pantagraph. 

20 Y zi v T Over 300 train-minutes. 

21 Ua 43 15 58 Line circuit-breaker. Transformer grounded on 
locomotive. 

22 7 ©з 44 44 Alternating Current controller. Pantagraph. 

23 e TS 41 41 Pantagraph. 

24 Те T 3 3 Alternating Current controller. 

25 - is 124 124 Pantagraph. Direct-Current fuse. Alternating 
Current controller. Change-over switch. 
Motor grounded. 

26 e" ay s = Over 300 train-minutes. 

27 EE. Е i: 

28 T x 30 30 Pantagraph. Grounded blower. 

29 is 8 19 27 Circuit. breaker (line). Transformer-lead ground 
on locomotive. 

30 - 16 ps 16 Circuit-breakers. | 

31 за bx 21 21 Third-rail shoes.  Alternating.current switch. 


Pantagraph. 
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TABLE II. 
Train-Minutes DeLay DugiNG Aucust, 1908. 
Power Locomo- 
house | Line tive Total Cause of delay 
5 3 8 Circuit-breakers (line). Third-rail shoes. 
7 7 Heavy train. 
12 12 Third rail shoes. Air hose. Pantagraph. 
No delays. 
12 10 22 Pantagraph. Motor ground. Third-rail fuses. 
Over 300 train-minutes. 
No delays. 
Over 300 train-minutes. 
43 ae 43 Circuit-breakers. 

220 28 243 Circuit-breakers (line). Locomotive circuit- 
breakers. Alternating current switches. Re- 
sistance lead. 

57 26 83 Circuit-breakers (line). Change-over switch. 
Pantagraph. 
5 2 7 Line circuit-breakers open. Hot tire. 
No delays. 
19 = 19 Insulator. 
6 6 Control (Alternating Current). Direct Current 
circuit- breaker. 
64 Sa 64 Insulator. 
3 43 46 Circuit-breaker open (line). Ground. Direct 
ad Dee аса о 
1 13 14 Insulator. Line. Air hose. Third-rail shoe. 
No delays. 
8 8 Hot box. Alternating current control. 
1 13 14 | Insulator. Line. 18 in. water direct current zone. 
5 5 Insulator. Line. 
$ 5 15 20 Ground on signal wires. Pantagraph. 
32 41 73 Open circuit-breaker (line). Insulator (line). 
Poo " оош motor. Third rail. 
73 73 Grounds developed by flood direct current zone 
64 04 n = т ё 3 5 F 
69 єх 1 70 Turbine failure. Third-rail shoe. 
63 235 22 85 Turbine failure. Engine dispatcher. Grounded 
Motor. 
6 6 Heavy train. Low-voltage direct current. 
14 14 Grounded compressor. Low-voltage Direct 
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Power 
Day |house| Line tive 
15 18 
26 
4 
3 
10 
3 
7 
19 
2 5 
8 
8 
4 
28 
9 
1 
2 
10 
32 
3 
20 
16 
8 
3 10 
4 
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TABLE III. 


TRAIN-MINUTES DBLAY DuRING SEPTEMBER, 1908. 


26 


10 


З a o o 


Cause of delay 


Compressor. Pantagrayh. 

Air hose. 

Line ground. Alternating current switch . 

Alternating-current Control. Low-voltage di- 
Third tail shoes “Ground: реше 
switch. 

Open circuit- breaker. 

Low-voltage direct current. 

Third-rail fuses. 

Over 300 train-minutes. 

Line ground. 

No delays. 

Direct current switch ground. 


Motor ground. 


Line ground. Low-voltage direct current. 
Pantagraph. 


Pantagraphs. Alternating current relay. 
Preventive coil. Third-rail gap. 
Preventive coil. 

Locomotive wheels off track (pony truck). 
No delays. 

Preventive coil. Signals. 

Third rail shoes. 

Third rail shoes. 

Hot tire. 

Ground on reversing switch. 

Hot box. Direct current shoes. 
Circuit-breaker (line). 

Over 300 train-minutes. 

Grounded insulator. 

Signal wires. Pantagraph—Third rail shoe. 


Open circuit-breakers. Locomotive jumper 
grounded. 


Line ground. 
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TABLE IV. 


Train-MINUTES DeLay DuniNG Остовек, 1908. 


Day Eo Line a Total Cause of delay 

1 18 18 Nipple broken on train line pipe. 

2 No delays. 

3 3 3 Motor ground. 

4 14 1 15 Splicing ear. Direct current shoes. 

5 7 Pantagraph. Alternating current switch. 

6 4 Change-over 

7 9 Alternating current Switch. Air hose. 

8 10 10 Direct current fuses. "Third.rail shoes. 

9 22 4 26 Circuit-breaker open. Direct current switch. 
Direct current shoes (third rail). 

10 61 v 61 Open circuit-breakers. 

11 No delays. 

12 9 9 Pantagraph. Motor ground. Brakes sticking. 

13 4 Direct current relay. Pantagraph. Low direct. 
current voltage. 

14 3 Open circuit-breaker. 

15 15 as 15 Line ground. 

16 Over 300 train-minutes. 

17 9 9 Pantagraph. Control direct current. 

18 No delays. 

19 10 10 Direct current circuit-breaker. Direct current 
control. 

20 ea 4 ag 4 Insulator. 

21 = 3 ws 3 Open circuit breaker. 

22 5 5 Grid resistance. 

23 od us 10 10 Air hose. 

24 are 5% 3 3 Third-rail shoes. 

25 "A а КУ a No delays. 

26 70 19 89 Grounded insulator. Hot box. 

27 x 54 19 73 Hot box. Insulator breakdown. Line ground. 

28 63 63 Direct current resistance ground. Hot box. 
Pneumatic control. 

29 m 31 82 113 Man failure. Grounded feeder. Direct current 
circuit breaker. Motor ground. Direct cur- 
ee ee Alternating current 

30 ae es 42 42 Direct current switch ground. Man failure. 

31 T gs 12 12 Direct current relay. Motor flash-over. Panta- 
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paring steam and electric service, it is necessary to bear in 
mind that while the operation of the power house does not 
differ from that of ordinary practice, there is a marked individ- 
uality (which initiative always brings), in connection with the 
operation of the line and locomotives. While every credit is 
due the present organization charged with the responsibility of 
line and locomotive operation, it cannot be forgotten that these 
two main links of the svstem are essentially new in their adapta- 
tion to the heavy conditions presented by the New York, 
New Haven & Hartford train service. Operation of this char- 
acter is so far beyond the scope of previous experience that it 
was absolutely impossible to foresee and prevent all contingen- 
cies. The methods for the prevention of failure and delay were 
necessarily based upon the results of actual, practical operation. 

Individual and collective train-minute delays in electric zone, 
due to failures in power house, line, and locomotive. Tables I, 
II, III, and IV are self-explanatory, and the charts shown in 
Figs. 9, 10, 11, and 12 that immediatelv follow represent 
graphically the data included in the tables. 

The segregation of these failures based upon train-minute 
delays offers a quick and interesting comparison. It is to be 
noted that the last two morths indicate a great improvement 
over the two preceding ones. From the chart have been taken 
the train-minute delays that have amounted to over 300 minutes 
per diem, which are treated separately in the following para- 
graph. My reason for doing this 15 to make the data inclusive 
of ordinary operating days, in order to get the monthly com- 
parison of train-minute delays for what might be termed ordi- 
nary service. It 15 interesting in reviewing the “ cause of delay ” 
in this table to note that 90 per cent. of the causes are of an 
inconsequent nature, and might be reasonably expected when 
considered in the light of an initiative service. 

Serious failures in system causing over 300-minute delays. It 
is to be noted that these failures are indicated by the dates of 
July 14, 16, 20, 26 and 27; August 6, and 8; September 8 and 26, 
and October 19. А description of the cause of one applies to 
all of them, except those of July 16 and October 19. In every 
instance, excepting the two dates mentioned, the tie-up was 
due to simultaneous failure of several circuit-breakers, due 
to a short-circuit, thus temporarily disorganizing the distributing 
svstem, preventing the electrification of trolley wires. 

On July 16, the White Mountain Express left the rails just 
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TABLE V. 


Locomotive Папу Reports, Jurv, 1908. 


Recon- | Experi- 
Date | struc- | mental 


І Cause of repairs 
tion & test 


spec- 


1 1 2 Grounded motor. 
2 
3 
4 HOL|IDAY 
5 1 - Loose tire. 
6 1 2 Loose tire. 
7 1 2 
8 1 2 
9 1 1 Trucks (1) grounded switch 
group (1). 
10 1 2 
11 SATUIRDAY 
12 1 Direct current shunt burned 
out (1). Tramming truck 
(1). Change-over switch 
grounded (1). 
13 1 Е d 1 
14 1 Broken axle (1). Changing 
spring-hangers (1). 
15 1 1 ed axles (1). Short.cir- 
commutator (1). 
Grounded transformer (1). 
16 1 3 Broken axle. 
17 2 Trucks (1) slipped tires. 
18 aum SATU|RDAY 
19 2 1 РЕЗ 1 Hot box (1). Changing motors 
20 2 Trucks (1). Burned-out trans- 
former (1). Change-over 
trouble (1) 
21 3 1 Transformer grounded (3). 
Blower and compressor 
motors grounded (1). 
22 3 1 
23 1 Motor trouble (1). Trucks. 
24 1 Trucks. 
25 1 Motor leads burned off. 
26 SUNIDAY 
27 2 Motor leads burned off. 
28 2 1 1 
29 2 1 1 Side motion. 
30 1 1 1 Trucks. 
31 1 1 5 Trucks (1). Loose tires (1). 
Total 38 2 10 19 


Avg. 1.41 0.074 0.37| O.71 
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TABLE VI. 
Locomotive Папу Reports, ÁuGUsT, 1908. 
Recon- | Experi- | Trucks | In- No. 
Date | struc- | mental in- spec- | Re- of Cause of repairs 
tion & test | stalled | tion | pairs | trains 
1 1 1 1 141 Trucks 
2 SUNIDAY 
3 2 1 2 135 Truck springs (1). Blower 
motors (1). 
4 2 1 1 К 133 
5 1 1 1 134 Changing motors. 
6 1 1 2 1 131 Changing motors. 
7 1 2 133 Compressor grounded (1). 
Trucks and reconstruction. 
8 1 1 a us 2 136 No. 1 Main Reservoir leaking. 
coe and reconstruction 
9 si SUN|DAY | 
10 1 gs bag dee 1 135 Trucks and reconstruction. 
11 1 T eg 1 1 133 Trucks and reconstruction. 
12 1 3 133 Grounded direct current relay 
(1). Loose tires (1). Trucks 
and reconstruction (1). 
13 1 1 133 Trucks and reconstruction. 
14 1 1 134 Waiting for wheels from Read- 
ville. 
15 1 с к ма 1 138 Waiting for wheels from Read- 
ville. 
16 29 SUN|DAY 
17 ] 1 aa 1 2 133 Direct current shoe cables 
grounded. Waiting for 
wheels from Readville (1). 
18 1 ne 34 - 3 133 Circuit. breaker trouble (1). Di- 
rect current shoe cables 
grounded. Waiting for 
wheels from Readville (1). 
19 1 1 133 Waiting-wheels. Readville. 
20 1 1 1 133 Changing compressor. 
21 2 133 
22 2 2 137 
23 ig SUNIDAY 
24 2 ] 135 Grounded motor. 
25 2 2 133 Grounded motor (1). Ground- 
ed armature (1). 
26 2 9 133 Grounds, due flood, N. Y. 
tral zone. 
27 2 5 133 М-1 el ea" ase Сыл 
Grounds, due 
Central zone (4). 
28 2 133 Grounds, due flood—N. Y. 
Central zone. 
29 2 141 Grounded motors (2). 
30 bx SUNIDAY 
31 2 1 ча ы bu 143 
Total 36 3 6 10 45 13502 (Total daily trains). 


Аус. 1.39 0.11 0.231 0.391 1.731 135 (Average). 
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TABLE VII. 


LocoworivE Папу REPORTS, SEPTEMBER, 1908. 


Recon- | Experi- | Trucks In- No. 
Date | struc- | mental in- spec- | Re- of Cause of repairs 
tion & test | stalled | tion | pairs | trains 


1 2 1 lico 137 
2 2 1 1 1 135 | Grounded motor. 
3 2 1 1 134 
4 2 1 m 1 139 Grounded motor. 
5 1 1 id 1 148 Grounded compressor motor. 
6 SUNIDAY 
7 LABO|R DAY 
8 2 1 143 
9 2 1 138 
10 2 2 138 
11 2 1 1 1 137 M-1 Switch grounded. 
12 2 1 1 140 | M-1 Switch grounded. 
13 SUN|DAY 
14 2 2 129 
15 2 2 ‘126 
16 2 1 1 5. 126 
17 3 2 1 126 
18 3 2 1 zu 126 | Trucks. 
19 3 2 130 
20 SUN|DAY 
21 3 2 1 130 | Change-over switch grounded. 
22 2 2 2 1 127 | Change-over switch grounded. 
23 2 2 1 126 Change-over switch grounded. 
24 3 3 126 
25 2 2 1 126 Sharp flanges. 
26 3 2 128 
27 P SUN|DAY 
28 3 128 
29 3 126 
30 3 3 T 126 
Total 58 2 41 5 10 |3295 (Total daily trains.) 
А vg. 2.32 0.08 1.64| 0.20| 0.40 132 (Average.) 
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TABLE VIII. 


Locomotive Daity REPORTS, Остовек, 1908. 


Recon- | Experi- | Trucks | In- No. 
Date | struc- | mental in- зрес- | Re- of Cause of repairs 
tion & test | stalled | tion | pairs | trains 


| 
| 


1 3 1 2 ч әз 126 
2 3 x 2 ys E 126 
3 2 22 " 129 
4 SUN|DAY 
5 3 2 126 
6 3 1 2 124 
7 3 2 124 
8 3 1 1 125 Sharp flanges. 
9 3 2 125 
10 3 1 2 129 
11 ih: SUN|DAY 45 bu :. 
12 3 2 125 
13 3 1 2 126 
14 3 2 124 
15 3 2 124 
16 3 1 2 124 
17 3 2 126 
18 SUN|DAY 
19 3 3 125 
20 3 1 2 1 124 | Turning flanges. 
21 3 3 126 
22 3 3 59 ni 124 
- 3 2 1 125 Grounded motor. 
24 3 1 2 126 
25 SUNDAY 
26 3 3 125 
27 4 2 124 
28 4 3 124 
29 4 2 124 
30 3 3 124 
31 3 3 126 
Total 84 7 60 3 13380 (Total week-dav trains.) 
Avg. 3.10 0.26 2.22 0.11/1250 (Average.) 
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TABLE IX. 


Evectric LocoMorivE-MiLEAGE DATA FOR SEPTEMBER 5, 1908. 


No. ot No. of Main Line 
Engine runs made Milcage 
01 In shop 
02 7 238 
03 7 230 
04 7 206 
05 4 136 
06 In shop 
07 4 111 
03 3 102 
09 8 256 
010 8 264 
011 5 170 
012 7 196 
013 8 245 
014 6 188 
015 8 247 
ОВ о аи 5 162 
ОКР .................... [n shop 
018 њи 5 136 
.019 10 340 
020 6: 188 
021 8 264 
022 7 204 
023 9 306 
024 4 136 
025 7 222 
026 8 264 
027 9 306 
028 8 272 
029 6 196 
030 6 188 
031 8 272 
032 6 187 
033 3 102 
034 4 135 
035 8 27: 
036 4 136 
0377 о fades 7 238 
038 ~ 6 196 
039. E 7 230 
040: ep 7 238 
O4l- коља ти RESUME ov 8 272 
Total.... 248 8051 
Average. 6.5 212 


Main line mileage does not include switching. 
Maximum mileage made, 340. 
Average mileage, 212. 
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east of Greenwich station, tying up both east-bound tracks, and 
causing excessive train-minute delays. Except for the electric 
rail bonds which suffered destruction, no other electrical ap- 
paratus was disturbed. One of the electric locomotives attached 
to this train was immediately returned to service, the other fol- 
lowing it the next day after light repairs were made to its pilot 
and third-rail shoe mechanism. 

On October 19, although the impedance coils in the generator 
station were in action, a ground occurring on the bus-bars of 
the anchor bridge directly outside of the power station, in com- 
bination with a defective circuit-breaker, produced a short- 
circuit which destroyed the operating mechanism of the breaker 
in question. This unfortunately occurred at a time when tem- 
porary connections had been made between the power bouse 
and line; on this account a serious delay was experienced in 
restoring the voltage to the line. 

It is interesting to note that since the complete inauguration 
of electric service, the serious failures in the system have been 
reduced from five to one. 

Engine repairs. Under “ faults " is described the necessity 
in detail of our engine reconstruction. Since 100 per cent. ser- 
vice has been established, it has occurred to me that the shop 
reports concerning the daily number of engines which are out of 
service on account of repairs or for other reasons, would be 
interesting. Оп account of the reconstruction being done on 
the locomotives, it has been found necessary to give up on an 
average three electric locomotives at Stamford and three at 
New Haven, the new bogie trucks being installed on the engines 
at New Haven. Thus out of 41 locomotives we have had only 35 
to handle the complete passenger service. This has resulted 
in requiring that the New Haven locomotives handle the ser- 
vice with virtually no spare engines. An examination of 
Tables V, VI, VII and VIII, under columns “ Inspection " and 
“ Repairs ”, indicating how few have been the engines in the 
shop for the past three months, 1s an attest of this requirement. 

The capacity of the electric locomotive. The capacity of the 
electric locomotives was based upon their ability to handle a 
trailing load of 200 tons in local service with stops averaging 
those that exist between stations between New York and New 
Haven. Аза matter of fact, the station stops between Stam- 
ford and New York average very much greater than between 
New Haven and New York, and as very quick turns are made 
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TABLE X. 
TRAILING LoAps IN ExcEss ОР LOCOMOTIVE GUARANTEES. 


Trailing Percentage 
Date Service Train Locomotive train over 
No. No. weight weight 
10/18 S. Ex 59 07-024 538 7.6 
5. Ех 18 04-09 623 24.8 
S. Ex 1 038-041 604 20.8 
5. Ех 2 04—027 682 36.4 
10/19 5. Ех 21 038 284 13.6 
5. Ex 15 028 327 30.8 
5. Ех 45 040-041 561 12.8 
S. Loc 215 08 236 18.0 
S. Ex 03 030 302 20.8 
P. G. Loc 181 041 34S 39.2 
S. Ex 269 034 277 10.8 
S. Ex 1 06-036 674 34.8 
S. Ex 29 01 280 12.0 
S. Ex 2 04—09 609 22.0 
10/20 S. Ex 2 03-08 762 52.0 
5. Ех 1 030-033 684 36.8 
P. C. Loc 181 040 314 25.6 
М. В. Loc 151 023 344 14.7 
S. Loc 252 020 235 17.5 
S. Ex 11 07-024 560 12.0 
S. Ex 15 013 400 60.0 
S. L. Ex 260 034 273 9.2 
10/21 $. Ех 21 07 331 32.3 
$. Loc 287 04 223 11.5 
S. L. Ex 260 03 271 8.4 
S. L. Ex 246 038 283 13.4 
S. Ex 15 040 332 32.7 
S. Loc 216 026 256 28.0 
S. Loc 252 033 275 37.5 
S. Loc 206 038 257 28.5 
N. R. Loc 151 010 338 12.7 
S. Loc 207 025 262 31.0 
P. C. Loc 181 09 297 18.8 
S. Ex 1 032—037 698 39.5 
$. Ех 29 010 280 12.0 
5. Ех 2 07-032 817 63.6 
10/22 Ех 21 010 328 31 


лол о о о лох ул ол Ф щл о 
3 
~ 
сл 
~ 
> 
® 
Оњ оош л © ar С О чю 


1652 MURRAY: ELECTRIFICATION OF (Dec. 11 


Trailing Percentage 
Date Service Train Locomotive train over 
No No. weight weiuht 

10/23 S. Ex. 21 013 339 35.6 
S. Ex. 55 012 320 28.0 

S. L. Ex. 246 02 263 5.2 

$. Ех. 15 010 377 50.8 

$. Ех. 11 05—08 542 8.4 

5. Ех. 56 024 313 25.2 

$. Loc. 252 027 269 34.5 

S. Loc. 215 09 241 20.5 

S. Loc. 206 02 233 16.5 

S. Loc. 207 03 245 22.5 

P. C. Loc 181 028 318 27.2 

S. Ex. 1 017-041 747 9.6 

S. Ex. 2 03-011 853 70.4 

10/24 P. C. Loc. 190 012 281 12.4 
S. L. Ex. 292 010 258 3.2 

S. Ex. 15 019 333 33.2 

S. Ex. 24 06 396 58.4 

S. L. Ex. 288 02 258 3.2 

P. C. Loc. 176 022 298 19.2 

P. C. Loc. 172 037 290 16.0 

S. Loc. 212 041 245 32.5 

N. R. Loc. 151 029 323 7.7 

S. Loc. 207 06 246 23.0 

P. C. Loc. 181 033 299 19.6 

S. Ex. 1 019—036 624 24.8 

5. Ех 29 08 271 8.4 

$. Ех 2 026-030 819 63.9 


at both termini, the service may be said to be more severe under 
these conditions than under the guaranteed conditions of pur- 
chase. It is interesting to note in Table X the trailing loads, 
taken at random, hauled by the New Haven electric locomo- 
tives for the week ending October 24, 1908. 

Comparative steam and electric engine mileage. September 5, 
last, Labor Day, offered an interesting day to note what mileages 
could be made by the electric locomotives. Table IX gives an 
individual record for each of the 38 electric locomotives in 
service that day. 

In obtaining an average forall electric locomotives of 212 miles, 
it is to he remembered that this was made for all classes of ser- 
vice, express, express-local, and local, and further that the 
mileages were made over three short terminal runs; namely, 
Stamford, Port Chester, and New Rochelle to New York, the 
distances being approximately 34, 26, and 17 miles, respectively. 
As indicated in the table, several engines made eight runs, two 
of them nine, and one ten. | It is difficult to get an exact compar- 
ison for steam locomotive-mileages. Allofthe electric engines are 


* 
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confined to one division, while the steam locomotives do inter- 
division service. However, using the records of the 1906 steam 
service for Labor Day and considering steam locomotives doing 
mileage in and out of the present electric zone, out of 117 loco- 
motives the following record is to be noted: 


10 made over 300 miles. 

20 ^" between 200 and 300 miles 
21. “ ш 150 апа 200 “ 
34 “ s 100 and 150 “ 
32 “ under 100 miles. 


117 


Thus with division limits double that of the present electric 
division, and with the additional advantage of interdivision runs, 
the electric mileage for this concrete case averaged 34 per cent. 
better than the steam mileage. 


THE ELECTRIFICATION IN Its RELATION TO MATTERS OTHER 
THAN TRACTION 


Telegraph and telephone. Single-phase electrification affects 
telegraph and telephone systems whose wires lie parallel with 
and in close proximity to the railroad. The corrective for this 
disturbance has proved to be simple and not costly. Briefly 
described, it consists of compensating transformers whose 
secondaries are a part of the telegraph and telephone wires and 
whose primaries receive their voltage from pilot wires strung 
on the same cross-arms as those bearing the telegraph and tele- 
phone wires, and thus having impressed upon them the same 
voltage, by electromagnetic induction, as the telegraph and 
telephone wires. The transformer secondary voltage 1$ ap- 
proximately equal and opposite to the induced voltaye on the 
telegraph and telephone wires and thus constantly compensates 
for it throughout all ranges of induction due to the single-phase 
wires. | 

An interesting commentary on the efficacy of the compen- 
sating transformer is that its use obviated the necessity of any 
change in the physical location of the telegraph and telephone 
lines within the zone of induction, and has thus been the means 
of removing what at first was rightly considered a very offensive 
attribute of the single-phase system. 
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Public safety. As no fatality to the traveling public has 
happened by reason of the high-voltage wires since the svstem 
has been in operation, this would indicate the safety involved 
in its construction. The catenary form of construction as 
applied to the suspension of the trolley wire virtually eliminates 
all danger of these wires falling. Оп the other hand, the feeder 
or by-pass wires are not suspended by messengers, and al- 
though the 300-ft. spans used in this construction are not un- 
common, it has been considered a wiser policy to reinforce all 
such spans which are above passenger platform stations. It 
may be of interest to state also that the scheme of reinforce- 
ment is not to cradle or place supplementary wires in connec- 
tion with this span, but simply use a steel wire with a large 
factor of safety reinforced by copper for conductivity conductor 
and supported from the struts by insulators. The resistance 
to ground of this construction will be far in excess of the 
ordinary insulator used in the open construction with the steel 
wire connected to it in such a manner as to make impossible the 
burning of this wire in two in the case of the insulator breaking 
down. 

Foreign wires. All electrifications are subject to foreign wire 
crossings. As in the case of suspension of high-voltage wires 
over passenger platforms, instead of using supplementarv 
catenaries or cradles, the safer (and incidentally the cheaper) 
method of crossing is to use at the crossing heavier (and pos- 
sibly guyed) poles, better insulation, and larger wires than are 
commercially necessary in the other parts of the foreign trans- 
mission line. High factors of safety with economy are obtained 
following this policy. | 

COMMENTARY 

Lightming protection. Ап ideal arrangement of catenary 
construction in relation to lightning protection would be to have 
the overhead messenger system grounded, and from it suspended 
by insulators a secondary catenary system, to which in turn 
would be attached the contact wires. Even in the New Haven 
case, where the overhead messenger system is not grounded, 
lightning has given but slight trouble. This is probably due 
to the very great number of grounded steel trusses and struts 
projecting above the electrifed wires. Lightning was the in- 
direct cause of one of our delays, but played only a small part 
in the real cause which can be attributed to the surge of current 
occurring at the time lightning caused a ground. At that 
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time the fceders had not been rearranged, nor had the im- 
pedance coils been installed in the power-house circuits. On 
the occasion of this ground, due to the lightning, we lost several 
of the anchor bridge circuit-breakers; this naturally tied up the 
distributing system, preventing the proper restoration of voltage 
to the trolley wires. The conditions are now such that the 
circuit-breakers will relieve short-circuits due to this cause. 

Grounds. Structures supporting high-voltage insulators should 
be grounded. Particularly is this true of structures foreign to 
the railroad company, such as highway bridges. This ar- 
rangement insures a prompt response of the circuit-breaker 
apparatus, and carries out the good practice universally ap- 
plicable, that the material supporting the insulator be grounded. 
This principle has application in wood-car construction. Posi- 
tive grounds hetween Pintsch gas pipes and both car trucks 
should be made to avoid any arcs being drawn under the car 
body. On two occasions the gas in the Pintsch mains of New 
Haven cars has been set on fire on account of connection with 
electrified wires. While the percentage is low, being two cars 
in about 400,000 during the period involved, with little damage 
in either case, and that to the cars, it is a matter not to be 
ignored. 

Many of our catenary bridges, of both the intermediate and 
anchor type, serve to support signals. Signal men have been 
entirely free from coming in contact with the high-tension 
wires, by the simple provision of grounded close mesh screens 
interposed between the signal platforms and the high-voltage 
wires. The value of two grounds can be rated considerably 
higher than twice that of one. 

Tell-tales. Tell-tales in connection with an overhead system 
offer a peculiarly difficult problem. It 1s quite apparent that 
the pantagraph current collecting device would get into either 
electrical or mechanical difficulties with the present form of 
tell-tales. We have experimented at some length in trying to 
produce an electrical horn that would be automatically sounded 
by an approaching train. There is nothing particularly diffi- 
cult in getting the automatic action or in producing a noise. 
The superiority of the tell-tale over the horn, however, is that 
no matter how much noise the freight train 1s making, the tell- 
tale always notifies, while in the case of the horn should the 
freight train be making more noise than it, the notification is 
lost. А horn if used for this service should be a large one. 
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As a matter of fact, the necessity of tell-tales is a bit of a 
relic of the barbaric past. In the days of hand brakes, the 
brakeman had to walk the roofs of cars, and low bridge warnings 
were necessary. To-day the braking is all done from the engine 
cab, except in vards where, of course, the overhead wires have 
their normal height of 22 ft. from the rails, permitting safe 
clearances for manual operation of the brakes. 

Train lighting and heating. On account of the necessity of 
wiring for electric heating and lighting some 2500 coaches, it 
seems reasonable to retain the present method and apparatus 
of heating and lighting the trains in the electric zone. To 
accomplish this it was onlv necessary to supply each electric 
locomotive with a small steam boiler used solely for train heating. 
The Pintsch gas system has been retained intact. Later, 
when the service is sufficiently extensive, all trains will be heated 
and lighted by electricity. 

All multiple-unit cars are to be heated and lighted by elec- 
tricity. The problems of heating and lighting a multiple-unit 
train and a locomotive train are quite different. In the former 
the current is fed into the train at several points, as many as 
there are motor cars; in the latter it can be taken only from 
the locomotive (if there are two locomotive units, of course, 
it can be supplied from both). Again, in the case of the multiple- 
unit equipment, the supply of current 1s along progressive points 
of the train-length, thereby not requiring train bus-bars of ex- 
cessive copper section, while in the case of the locomotive train, 
the supply, whether from one or two units, will be at the head 
end of the train, thus requiring a transmission of considerable 
length. A train of 12 cars, for instance, would be between 700 
and 800 ft. long. Allowing 24 Ку. maximum, for heat and 
light per car, would require the delivery of about 300 kw. 
apparent power. Ап investigation of this department in 
electrification has brought out some interesting details, раг- 
ticularly in reference to locomotive transformer design and elec- 
tric car jumpers. 

Fatalities. As has been pointed out, we have had several 
fatal accidents, due to men coming in contact with electrified 
wires. We are none the less concerned that in every instance 
they were men employed by the company. In each instance 
the accident was due to carelessness or violation of instruc- 
tions, and most of the accidents occurred during the period of 
construction. The operating period has provided a less num- 
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ber of these unfortunate events, and the records to-day now 
seem to indicate that the future will be free from this most 
regrettable feature. 

Cross-catenary versus bridge-bents. The excellent results of 
a year's experience with cross-catenary construction in our 
Port Chester yard, Fig. 18 where as many as ten tracks are 
spanned, is tempting encouragement for its application to 
main-line work. Should the cross-catenary be used, anchor 
bridges should be spaced at close intervals, say one per mile. 
The question of the use of cross-catenary versus the bridge- 
bent on multitrack roads, however, depends largely upon the 
right-of-way conditions. Cross-catenary struts have to be 
guyed. In many instances right-of-way limits will require the 
guy to be placed on foreign land. If the additional cost of the 
foreign land brings the catenary bent up to or more than the 
cost of the bridge-bent it loses its object. 

Single- versus double-catenary construction. Lack of operating 
data led the engineers of the New Haven road to take no chances 
with the overhead construction, and the double catenary was 
considered the safest. The adoption of single, double, and com- 
pound systems of catenary suspension is so intimately and defi- 
nitely related to the number of tracks, the length of longitudinal 
spans, and the cost of transverse supporting structures and 
foundations, that the determining of the most economical type 
of catenary construction must necessarily include the considera- 
tion of these factors, and for this reason simple standardization 
adapted to all conditions 1s impossible. 

Single-phase operation. The New Haven system provides 
that the volt manufactured in and leaving the doors of the 
power house, is the same physical volt that knocks at the doors 
of the locomotives. Thus the line is the single link that unites 
the power house and the locomotives. All such adjuncts as 
step-down transformers, synchronous converters, storage-bat- 
teries, and low-voltage distributing systems with their necessary 
attendant complement of help 15 dispensed with. The Cos 
Cob power house has the usual number of men for a station of 
its output, and the locomotives are operated by the electric 
locomotive engineer with the customary assistant present for 
emergency. This crew holds good for single- or double-unit 
trains. An emergency repair train is the guardian of the line, 
attending to all matters pertaining to its repair and mainten- 
ance. Including the night and day crews of the emergency 
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train, the number of men employed to maintain the distribution 
system is nineteen. This covers about 100 miles of single track, 
including vards. 

Conclusion. The writer will not use the conventional method 
of summing up and making recommendations. The paper has 
been written with the intent to lay before the members of the 
American Institute of Electrical Engineers a practical picture of 
the New Haven single-phase electrification, describing the first 
suit of clothes it wore and what it is wearing now. He is con- 
scious of the innumerable little points of real interest that time 
and opportunity have not permitted him to insert here, but he 
trusts to the discussion to bring them out. The description of 
the faults and how they were handled will answer for the usual 
column of recommendations. In concluding, an interesting 
definition of engineering comes to mind; namely, 

Engineering is the art of making a dollar earn the greatest interest. 

The writer has intentionally omitted the discussion of the 
operating costs of a direct current versus an alternating cur- 
rent system; but, bearing in mind the preceding definition, it 
is his belief that in the electrification of steam roads to-day 
straight alternating current traction is the agency through 
which that title can be earned. 

History sustains the undeniable truth that alternating current 
is the preferred agent for the transfer of electricity where either 
distance or capacity is involved. А railroad involves both. 
Granted, therefore, that the alternating-current traction ap- 
paratus has reccived the trade mark of practicability, what 
further argument does it need in its favor? 

In connection with the New Haven electrification I wish to 
speak of the privilege of association with Mr. E. H. McHenry 
and Mr. Calvert Townley. Upon Mr. Townley devolved the 
responsibility of decision as to the form of electrification selec- 
ted. Neither the object nor the scope of this paper can in- 
clude a description of the analytical course of procedure prc- 
paratory to the conclusion that the New Haven road would 
adopt the single-phase form of electrification. Suffice it to say 
that Mr. Townley's conviction to accept this responsibility 
were sufficiently strong to lay the foundation of this work. 
To Mr. E. H. McHenry, whose serious illness had prevented 
his filling the office of vice-president in charge of matters per- 
taining to enginecring, fell upon acession to that office, the re- 
sponsibility of ratification or disagreement with the policy as 
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set forth by Mr. Townley. That ratification is better written 
in the details of the electric zone itself, as in each department of 
power house line and locomotive may be seen the betterments 
due to his suggestion. To him is due the credit of the practical 
issue of this electrification. 

This paper would indeed be incomplete did I not refer to the 
splendid courage and indomitable pluck of our contractors, 
who through a fire of criticism and business depression per- 
serveringly stuck to their belief in the principles they were ad- 
vocating. They can now have the satisfaction of viewing some- 
thing begun and something finished; for while there may be 
many improvements to accrue to the alternating-current, 
single-phase system, the trunk-line principles have bv them been 
laid and demonstrated. 
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DISCUSSION ON ' HIGH-VOLTAGE EXPERIMENTS AT NIAGARA.” 
ATLANTIC City, N. J., JUNE 30, 1908 


(Subject to final revision for the Transactions.) 


Henry L. Doherty: This paper is а most valuable contribu- 
tion to a subject of great importance. I will not attempt to 
discuss any of the details of the paper for fear it will distract 
from the broader matters which are worthy of consideration. 

As a preface to mv remarks I want to say, first, that the 
American Institute of Electrical Engincers is now a body of 
great importance, and it 1s in a position to exercise a pronounced 
influence upon the educational, industrial and commercial pro- 
gress of this country; and second, that few, if any, other organi- 
zations can boast of greater aggregate intelligence or influence 
than can this organization. Its members are in touch with 
nearly every class of people, and their individual work and 
opinions are universally respected. 

This paper deals with the researches made to secure a greater 
knowledge of the problems which underlie the methods for 
transmitting electrical energy. | 

Had my time permitted, I would have offered to this Institute 
a paper at a much earlier date, covering the various methods 
for the transportation of energv in its various forms, and would 
have attempted to show the relative cost of transporting 
energy, or its material, by various means, such as: (a) electrical 
energy by transmission at high voltage; (b) natural gas by 
means of pipe-lines; (c) coal and oil by rail; (d) oil by means 
of pipe-lines; (e) steam and hot water by means of pipe-lines. 

I think it can readily be demonstrated that, where a good 
load factor exists, transportation of energy can be secured at 
the lowest possible cost by means of electric transmission. 

We often find ourselves, as engineers, greatly handicapped 
by the sentiment prevailing amongst bankers and investors to 
whom we must look for the necessary funds to finance our 
undertakings. Often the method of presentation will do much 
to influence, favorably, prejudiced investors capable of fur- 
nishing funds for the enterprise. 

It was my intention to show that these so-called "'long- 
distance transmissions " constituted а problem in transportation 
which could be reduced to the same terms as railroad statistics.— 
which are always available— and their commercial efficiency 
measured by a comparison therewith. It was my belief that 
such a comparison would put this whole field of work on a 
more substantial basis in the minds of the public and increase 
the activity in this line of work, thus greatly increasing our 
usefulness. 

As my own time will not permit, and as there are many men 
in the Institute who can do this work much better, I am taking 
the liberty of suggesting this comparison in relation to the 
consideration of this subject. 

I believe the engineer, and the engineering organization, have 
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been undergoing an evolution which will materially change their 
scope of usefulness. The engineer must now know, with more 
or less intimacy, other lines of business; and, as an example, 
he must know more or less of financial methods and possibili- 
ties. He must often interject his engineering methods into 
other lines of work—in fact, it is remarkable how many of our 
general business matters are capable of solution by engineering 
methods and engineering laws. He must know how to state 
his conclusions in such form as to give readily a clear and cor- 
rect impression to men educated in other lines of work. The 
engineering society must not only know the needs of its own 
members, but must know how to influence other classes of 
people for the benefit of its own class. 

The recent conference called by President Roosevelt for the 
conservation of our natural resources was, to my mind, a great 
stroke of statesmanship; and, using this occurrence as an illus- 
tration of my preceding statement, it scems to me that as the 
members of the Institute represent an immense sum of knowl- 
edge on this problem—which we all recognize is a matter of 
national importance—--it would not be impertinent for the organ- 
ization to undertake to contribute materially to the solution of 
this problem and to make all parties in interest know that it 1s 
in a position to do so, and that it should be considered as an 
important factor in this work. It is hard for me to refrain in 
anv discussion from applauding the excellent work done bv 
this Institute in recent ycars; and I avail mvself of every oppor- 
tunity to urge that it do still more, and still further widen its 
field. 

Regardless of the other contributions made Ъу Mr. Mershon 
I want to point out particularly that he has demonstrated that 
it is possible to secure financial support for practical research 
work of this character. This demonstration тау prove of 
greater value to the future achievements of the Institute than 
апу specific work heretofore presented to it. Т strongly urge 
that the Institute should place on record, in unmistakable 
terms, its appreciation of the generositv of these men, and that 
at this meeting an effort be made to point out to everybody that 
such contributions cannot help but prove, if properly directed, 
great factors in our industrial progress and great facto1s in the 
commercial prosperity of this country as a whole. 

While many may believe that an organization of this sort 
should attempt to exert influence only over its own members, 
here is an excellent example of how it тау exert influence 
over men of great wealth, who are willing to contribute lib- 
erally to our research work if it promises benefits to the in- 
dustrial progress of the country. It seems to me not hard 
to point out the great value of such contributions. 

Elihu Thomson: Mr. Mershon some time ago told me of 
some of his results, and asked me if I could make any sugges- 
tions as to the cause, that is, as to the actual thing 
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happening; if I could suggest some physical conception. 
Before I make any attempt at this—and it can only be an 
attempt—I should say that there is true gratification felt in 
finding that funds can be at times available, and may in 
the future be more frequently available for engineering 
research as distinguished from pure scientific research. Yet 
the results of the paper while quite practical, as applied to 
transmission lines, have, further, germs of scientific progress in 
them—progress along the lines of pure science. 

I will not take the time to discuss in detail the various 
matters of the paper. Perhaps it would be well to turn to 
the last pages and take up the final conclusions, and note, 
if we can, whether the results appear to be rational or not. 
The “critical point " is well understood; and I do not sce, 
in reading over Conclusion 1, that there is anvthing to be 
said further; there is a certain voltage called the ''critical 
point " at which a very appreciable loss begins, and that point 
is coincident with the visual manifestations, corona, or decom- 
position, or static breakdown, of the diclectric surrounding the 
conductor. 

Conclusion 2 reads, ‘‘ That there may or may not be an ap- 
preciable loss existing below this critical point, depending upon 
the atmospheric conditions.” It seems to be a remarkable 
result, where no visible effect can be found around the conductor, 
that there is still even with air in a dry condition, a notable 
loss. 

Conclusion 3 reads, ' That the presence of floating particles 
іп the atmosphere may produce а loss below the critical point 
(Ryan)." That, I think, we can readily understand; the par- 
ticles may be attracted to the conductor, and mav be the means 
of causing a diffusion of energy—they mav be pulled, as 
it were, towards the conductor, breaking down the homogeneity 
of the dielectric and thus causing a loss of energy. 

Then, again, we read in Conclusion 4, “That the presence of 
moisture in the atmosphere may produce a loss bclow the 
critical point." Here we find that Mr. Mershon has given us 
conditions under which the moisture produces a loss depending 
apparently on the amount of water present in a given volume, 
that is, on the absolute vapor pressure of the water and the 
condition of the water as to 1ts being more or less ncar con- 
densation, or whether it is further from the condition of con- 
densation or nearer to it. This leads us, I think, to the consid- 
eration of the fact that water vapor just above its vaporization 
point cannot be considered as a true gas. It has to be heated 
considerably beyond its vaporization point to become a true 
gas. In a gas, according to the kinetic theory, the molecules 
are flying about and colliding in all directions; they have a 
certain velocity, but the velocitv is not uniform, some molecules 
being accelerated beyond the mean velocity and others very 
definitely retarded below the mean velocity. Now, when a 
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liquid is near condensation, some of these molecules may be 
robbed almost entirely of velocity, but we know that if this 
occurs in a vapor, such as water vapor, such molecules may 
be considered as for a very brief time in the liquid state. 
Afterwards thev are again separated by colliding with other 
molecules at higher velocities. In other words, in this 
instance there is an unstable condition in the gaseous sub- 
stance, and the nearer therefore to condensation, or the 
greater the humiditv— relative humidity—the more this factor 
wil come in; the state of some small fraction of the water 
vapor being changed from that of a gas to a liquid. А 
larger number of molecules are then in a state of quiescence, 
for the time being, or in the state of water for a very short 
interval, the nearer the approach to condensation. This condition 
would explain why the vapor product—if our theory is co,rect— 
is concerned. According to the result obtained by Mr. 
Mershon the vapor product must be taken; not only the amount 
of vapor wate: present, but the state of that water. The num- 
ber of molecules of water vapor so condensed, as water—or so 
losing their velocity and becoming for the time being, only in- 
stantaneously, more or less liquid—would be greater with the 
greater amount of water, as expressed by the greater vapor 
tension of the water, and greater also the nearer to the point 
of condensation, or the greater the humidity. We must infer 
from this, however, that the molecules of water in the quiescent 
condition have some unusual power of absorbing energy; that 
they can receive energy, can be accelerated or can be decom- 
posed or driven apart by absorbing energy from the conductor. 
This action might go on invisibly, it might simply be that the 
water is, as it were, electrically evaporated or put back into 
its high-velocity condition by energy expended. This view 
is merely put forward asa suggestion, depending on the validity 
of our ideas of the action of molecules of gas; bringing together 
Conclusions 3 and 4, “ That the presence of floating particles 
in the atmosphere may produce а loss below the critical point ” 
and '' that the presence of moisture in the atmosphere may pro- 
duce a loss below the critical point.” 

Conclusion 5 is as follows: ‘‘ That the presence of moisture 
in the atmosphere affects the loss both above and below the 
critical point." I think this would naturally follow from the 
other idea, that the more water the more loss would occur, 
even above the critical point; that the particles would be in 
condition to carry away more energy, on the assumption that 
water particles have an exceptional capacity in that direction. 

Conclusion 6 is as follows: ' That the presence of moisture 
or floating particles in the atmosphere affects the position of the 
critical point." This, again, means that the water particles, 
or the moisture particles, would act as a sort of intermediary 
in extending the influence around the conductor, and accen- 
tuating the production of the critical point; or in other words, 
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the water would be more readily ionized than dry air, and 
become the medium for the absorption of larger amounts of en- 
ergy, causing dielectric breakdown. 

Conclusion 7 reads: '' That the critical point corresponds to 
a partial breakdown of the dielectric." That, of course, we can 
readily assume. 

Conclusion 8: ‘‘ That the critical point coincides with the 
voltage at which luminosity or hissing (or both) of the con- 
ductors begins." Either the sound or the luminosity may be 
an index of the breakdown—actual sparking into the dielectric, 
and a reversal of current flowing through a short distance with 
each alternation, and naturally this would be equivalent to a 
high-resistance leak around the conductor, causing loss. 

Conclusions 9, 10, and 11 are as follows: 

9. “ That the critical point depends upon the maximum value 
of the electromotive-force wave and the distance between the 
conductors. 

10. “ That the critical point depends upon the local rate of 
fall of potential or dielectric stress at some point in the atmo- 
sphere and, therefore, depends not only upon the maximum 
value of the electromotive-force wave and the distance between 
the conductors, but also upon the diameter of the conductors 
(Ryan). 

11. ' That there is a loss over insulators which is affected by 
the moisture conditions of the atmosphere." 

I do not think there is much necessity for my commenting 
upon these conclusions. They seem to be the natural results 
to be expected and are fairly well known. 

Conclusion 12 reads: '" That the variation of the atmospheric 
loss between conductors, the variation of the loss over insulators, 
and the variation of the critical point due to the moisture con- 
ditions of the atmosphere bear to the vapor product (1.e., the 
product obtained bv multiplying the vapor pressure by the rela- 
tive humidity) a definite relation which, so far as it is at present 
known, is an empirical one." In that conclusion we come to 
the particularly novel point, namely, that we must have not 
merely the amount of moisture, not merely the saturation, but 
we must multiply together the amount of moisture present, or 
the amount of water vapor by its state or condition, so to 
speak, which I have above suggested as that of more or less 1m- 
perfect gas. 

Conclusion 13 reads: ‘‘ That the loss over insulators in a fog 
is very much higher than the loss in dry air, and somewhat higher 
than that in а heavy rain." This can be easily understood. 
If the whole insulator was covered with water, the conduction 
over the upper surface of the insulator would undoubtedly be 
greater than if it were covered with fine particles of water. 
Its upper surface would be, in other words, of lower resistance 
and therefore cause less loss than if the fog settled upon the 
surface and made it a very high-resistance surface. 
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Conclusion 14 reads: ‘‘ That the smoother the surface of the 
conductor, the less the loss and the higher the critical point.” 
We would be naturallv readv to admit this, on account of the 
absence of projections ог points; but 15, which reads: “That 
the stranding of the line conductors reduces the loss and raises 
the critical point due to the increase of the equivalent diameter 
of the conductor," seems to be inconsistent therewith. With 
the stranding of the line conductor we would reach a limit, of 
course, very soon. The continued finer and finer stranding 
would not give a continucd increase in real diameter, as the 
spaces between the wires of large or small gauge are relativelv 
the same, so that we seem to be, in Conclusion 15, roughening 
the conductor and reducing the loss thereby. Conclusion 16 
reads: '' That the increase of the equivalent diameter of the 
conductor is greater the greater the number of strands." 
Here we have roughened still more Бу making the strands 
fine and thus have a large number of spiral projections 
or ridges all over it, and vet the increase of equivalent diameter 
is greater; whereas under Conclusion 14 it is said that the 
smoother the surface of the conductor, the less the loss and the 
higher the critical point. These things seem to need further 
investigation and some explanation, because they do not seem 
to be consistent. One can imagine that the stranding could 
go on until the conductor was covered with extremely fine 
ridges, and then we should consider it as possessing a rough 
surface; not an irregular roughness, but ridges nevertheless. 

Conclusion 17 reads: “ That the weathering of conductors (ог 
at any rate the aluminum conductors and probably copper ones 
also) does not appreciably increase the loss or lower the critical 
point." I do not know that we should expect to find anv 
great difference between conductors of aluminum or copper, as 
referred to in this Conclusion, or that a slight film of oxide 
would have any particular effect on the losses. 

Conclusions 18 and 19 are as follows: 

18. “ That the loss and critical point are the safne for copper 
and aluminum under the same conditions.” 

19. “ That anything which increases the charging current of 
the insulator increases the loss over the insulator." 

I think this we could admit. If the insulator dielectric were 
free from all dielectric hysteresis, then, of course, we should not 
expect Conclusion 19 to hold, but with ordinary materials it 
would undoubtedlv be true that the loss would increase with 
the increase of the charging current. It would hence follow 
that if we interpose layers of air between the insulator pin and 
the wire or conductor, and these layers of air have the total 
effect of reducing the charging current very considerably, we 
may save some loss from the insulator. On the other hand, if 
we introduce only thin or moderately thick lavers of air which 
have to be worked across by blue discharges, or anvthing of 
that sort, then of course we increase the loss by dividing the 
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insulation. This comes directly in line with Conclusion 20, 
which reads, '' That the loss over an insulator on a wooden рт 
is greater than that over an insulator on a metal pin, because 
the resistance of the wooden pin 1s in series with the charging 
current of the insulator," and would point to the fact that if 
we use a metal pin and want to avoid the losses as much as 
possible, we should make the metal pin fit the insulator very 
closely by some sort of conducting filling, and not have any 
space to be worked over by discharges from the pin to the 
inside surface of the insulator; but that is probably not of 
very great consequence. 

Conclusion 21 reads: ‘‘ That the atmospheric loss between 
conductors and the loss over insulators decreases with the fre- 
quency. The law of the decrease is not at present accurately 
known." I think this might naturally be expected, as the 
greater frequency would stress the dielectric more times per 
second, although a single long wave would no doubt give more 
loss than the shorter wave of equal amplitude. 

Conclusion 22 reads: '' That neither the critical point nor the 
loss between cables is affected by variation in the distance of 
the cables from the ground." I suppose this follows, because 
in ordinary cases the cables are at such distances from the 
ground that there is none of the effect of incipient brush dis- 
charge and increase of loss, such as we have when the con- 
ductors themselves are near together. 

I have to say in regard to the paper, that it is certainly a 
very interesting and valuable one, and points the way to 
further useful investigation. 

Samuel Sheldon: Prof. Barus, at Brown University, and 
members of his department, have carried on very extensive 
investigations as to the conditions of the atmosphere in the 
vicinity of Brown University, in Providence, and also on Block 
Island, which is pretty well out to sea, with the result that 
he finds ions always present in the atmosphere at both places. 
Now, these ions each have upon them a definite charge of elec- 
tricity although they are of various shapes and conditions. 
If one of these ions be placed in an electrostatic field of a given 
intensitv, a force is exerted upon it which 1s equal to the pro- 
duct of the charge times the strength of the field. Townsend 
has determined that under a given sct of conditions a very 
definite and measured amount of energy is necessary to pro- 
duce by impact ionization of un-ionized or non-ionized particles. | 

Now, under given atmospheric conditions there 1s ап average 
free path between the particles that тау come into collision; 
and if the collision represents a sufficient amount of energv, 
ionization of the particle that is struck will take place. The 
fact that energv is equal to half the mass times the square of 
the velocity, and that the velocity squared 1$ twice the accelera- 
tion times the distance through which the particle moves, taken 
in conjunction with the fact that with the same force the ac- 
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celeration is inverselv as the mass, shows that irrespective of 
the size of the particles, if the latter move over the same dis- 
tances, under the same force, they will arrive at the end of these 
distances with the same energy. If, therefore, they come into 
impact and the field has been sufficiently strong, ionization will 
take place. There will result more ions than were present 
before, and these again will set up further ionization, and there- 
fore, ionization will spread like a disease in a field of sufficient 
intensity, until there are а sufficient number of ions to carry а 
discharge by convection. This explains many of the results 
which Mr. Mershon has obtained. 

Henry Floy: While the Institute is certainly to be felicitated 
on being the medium through which the valuable data collected 
by Mr. Mershon is to be transmitted to the engineering world, 
and while Mr. Mershon 15 to be congratulated most heartily 
at the happy outcome of this long and tedious experimentation 
there is another fact brought out bv this paper which 15 par- 
ticularly interesting to me, one which Mr. Mershon and Mr. 
Dohertv have already touched on, and that 15 the disinterested 
generosity of Mr. ]. E. Aldred, Mr. Frederic Nicholls, Mr. 
James Ross, and Mr. George Westinghouse. It seems to me 
that the engineer has now reached a point, at which I have 
long hoped he would arrive, where in the minds of com- 
mercial business men he is no longer considered only a theorist 
and scientist. And so we now have a most encouraging ex- 
ample of practical business men entrusting, in an unrestricted 
manner, their funds to a scientist for carrying on an investi- 
gation in his own way. The precedent thereby established 
seems to me to mark an era in the engineering world. If we 
can only encourage men of financial ability to subscribe funds 
to those engineers who are as capable as Mr. Mershon is to origi- 
nate and carry out a series of tests and experiments, we have 
gone a long way in advance of previous achievement. 

The character of the results and conclusions of Mr. Mershon 
are surprisingly large to any one who has attempted to carry 
on a set of experiments of this character, particularly when 1 
is realized that any one of an innumerable number of accidents 
might have vitiated the entire results. 

With regard to the deductions made by Mr. Mershon, perhaps 
the most disquieting in the whole paper is the one shown, for 
example, Бу the curves in Fig. 43, showing the relation between 
the critical point as determined by his experiments and those 
of Professor Куап. Mr. Mershon has noted that his critical 
voltages are about sixty per cent. of Professor Ryan’s results. 
This difference seems to me most extraordinary, and as far as I 
know Mr. Mershon has not offered anv explanation of it. I 
had hoped we would hear from Professor Ryan with regard to 
this matter. It is possible that part of the difference may be 
accounted for Бу the failure of Professor Ryan to have accu- 
rately determined the points of luminosity. Аз I understand 
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his experiments, his critical points were determined mainly by 
visual observation, and if he did not fix the points exactlv owing 
to personal equation or to failure to carry on his experiments 
in a room absolutely devoid of light, his voltages would be 
higher than Mr. Mershon's, who determines his values by a 
continuation of the lower curve. This difference in method, 
however, would not, apparentlv, wholly account for the great 
difference in the voltages at the critical points. While I am 
unable to criticize Mr. Mershon's method, it would seem as if 
his voltages were somewhat low. Turning to Fig. 43 and as- 
suming the vapor product of 0.4, and the diameter of the con- 
ductor as one-quarter inch, we find that the critical point in 
kilovolts is 75. From what I have heard of the line at Grand 
Rapids, Michigan, where they are operating at 75,000 volts, and at 
other verv high-tension installations, luminosity does not ap- 
pear on those lines. It тау be that the conductors are more 
widely separated or of different diameter, ог that the vapor product 
is not as given in this table; but it would seem as if in the course 
of their operation there would be some fluctuation in the voltage 
or variation in conditions so that luminositv would be observ- 
able. Under the conditions stated by Mr. Mershon, luminosity 
should appear at 75.000 volts. 

It would seem as if further investigation, perhaps by some 
other or outside party, should be carried оп to determine whether 
Mr. Mershon's results can be absolutely relied upon, or whether 
the figures previously given by Professor Ryan are nearer 
correct. It would be unnecessary to repeat the experiment 
throughout, but simplv to check a few points on certain curves. 
The location of the critical.point 15 certainly а very vital ques- 
tion with engineers who are designing high-tension lines. 

The announcement by Mr. Mershon of the less resistance of 
wooden pins, as compared with iron pins, 1$ certainlv astonish- 
ing to most of us, but in view of his measurements, and the 
explanation given, we must acknowledge it as a fact. 

In regard to the insulators, Mr. Mershon apparently tested no 
suspension-type insulators. Of course, tests of these insulators 
would have been especially interesting at this time, as they are 
coming more and more into use. Although he does not say so, 
his statement indicates he has learned the ideal form of insulator 
for a given voltage. Perhaps, in another paper, he will give 
us an idea as to the form of the insulator, and the number of 
petticoats which this ideal form of insulator should have, for a 
given voltage. 

Chas. P. Steinmetz: Mr. Mershon has given us a very valu- 
able paper, increasing our knowledge of what takes place in 
conductors when they reach such high voltages that the air 
surrounding them ceases to be insulating, begins to break down. 

He has proved again the law given some vears ago, and illus- 
trated in his paper, that the voltage loss is a curve of two branches 
one at lower voltage, of very small loss, and the second branch 
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at high voltage, rising very rapidly. There is one point, how- 
ever, concerning which I cannot agree with him, and that is 
the method of determining the critical point as the point where 
deviation begins from the lower branch, as seen in Fig. 38. 
I do not think that is the correct critical point. We must ex- 
pect that the conductor and surrounding conditions are not ab- 
solutelv uniform, and that the transition from one condition 
to another one can only be gradual. The first beginning of a 
brush discharge at some isolated point, some kink in the con- 
ductor, cannot be considered as the voltage where the break- 
down strength of the svstem has been reached all over the con- 
ductor, and I believe this feature may account for the dis- 
crepancy between Professor Rvan's and Mr Mershon’s results. 
I also agree that 1 would not be proper to take as the critical 
point the point where the upper or higher curve is perfect. 
Theoretically if we had the equations of the lower curve in 
Fig. 38, and of the upper curve, the point of intersection would 
be the proper critical point. This would be at higher voltage 
than that assumed by Mr. Mershon. We obviously cannot do 
this, as we do not have the equations of the two curves; and by 
estimating it, bv continuing such curves, it 1s very difficult to 
get anywhere near accurate results, that is, results from which 
you can derive numerical values of the breakdown strength of 
air. 

I should therefore suggest a slight modification of the method, 
which may give accurate results or may not. It 15 to plot the 
curve In Fig. 38 with the logarithm of the ordinate against the 
logarithm of the abscissa. Both branches of the curve may 
theoretically be expected to go through the origin, and such 
curves going through the origin, can frequently, at least within 
a limited range, be expressed by some power of the abscissas, 
that 15, by a curve of the equation: y = А х". И you now 
plot logarithm y against logarithm x, you get a straight line. 
If in Fig. 38 vou were to plot the logarithm of the ordinate against 
the logarithm of the abscissa, vou may get two straight lines, 
one extending up to 70,000 volts, and the other extending from 
80,000 volts upwards, connected with each other by a curved 
branch; and where you have straight lines, at least for some dis- 
tance, it 1s very сазу to extend them and so get the point of 
intersection very sharply, which gives the critical value with 
much greater accuracy than it can be derived by extrapolation 
from the original curve. It all depends on the character of the 
two curves, whether they will give straight lines in the logar- 
ithmic representation or not, but it is quite likely they may do 
so, or at least the deviation from the straight line will be small, 
and therefore this method should be tried. 

While the results, as derived here, are extremelv valuable 
in showing the existence of the critical value, we really want to 
have more than that. We would like to get the exact numer- 
ical value of that critical voltage, and compare it with the con- 
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ductor diameter, and from that calculate the potential gradient 
at the conductor surface, and compare it under different condi- 
tions; and also compare it with that derived from the striking dis- 
tances with needle points, where you get the analogous effect. 
After determining numerically the breakdown strength of air, or 
its breakdown gradient, very many of these features could be 
predetermined theoretically and pre-calculated. For this work, 
very interesting and valuable data are afforded by this paper. 
We all agrce that the future of power transmission depends on 
going to higher and higher voltage, and you see that the loss 
of power from the line increases enormously with the increase 
of voltage beyond the critical point, and so would limit the 
permissible transmission voltage. Now, if we know how this 
loss depends on conditions of conductor surface, conductor 
diameter, etc., it would be a question of engineering design 
how to lay out the conductors of the transmission line, so as 
to be able to use as high voltage as possible, and still have a 
negligible static loss into space. 

Percy H. Thomas: There are two broad aspects from which 
this paper may be viewed: first, that cf commercial transmission 
work; secondly, that of the scientist. In the first aspect, what 
we need to know is whether this loss from conductor to air 1s 
going to actually limit the development of power transmission. 
I think we can say, pretty conclusively, from Mr. Mershon’s 
results, that for the immediate future, at any rate, these losses 
are commercially practically negligible. The experiments have 
been so carefully made and their results so carefully stated, 
that unless some very extreme conditions arise, they will not 
have to be done over. 

In regard to the scientific aspect of the paper, there are a 
number of comments which I would like to make. 

I was very much interested in Dr. Тћотвзоћ 5 explanation 
as to the cause or the physical meaning of the relation between 
loss and vapor product. Personally, I had not been able to 
find any consistent hypothesis. His explanation seems to be 
very reasonable. 1 ask him if his conception as to the manner 
in which the molecules or minute Particles of water act 15 as 
convectors of electricity ? 

Elihu Thomson: They absorb energy Бу being separated, 
again by re-evaporation. The mere addition of energy to a 
perfect gas would, of course, require more energy to accelerate 
the molecules, to take up their liquid state; and we know it 
requires considerable energy to convert this condensed or par- 
tially condensed product mto a gas. 

Percy Н. Thomas: As in the case of the pith-ball and charged 
disk? | 

Elihu Thomson: It may act as а convector ог absorber, 
and may be ionized more readily also. 

Percy H. Thomas: That seems reasonable. 

This 1055 15 one of the most difficult scientific measurements 
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the engineer has to make—the measurement of true losses at 
very low power factor and high tension. The method thus 
becomes of extreme importance. Mr. Mershon has taken verv 
great pains to get a good method, and to check it in all wavs 
possible. In the absence of further data I do not see anv rea- 
son to expect any error in it, but I do not feel fully convinced, 
by his check measurements alone, that he has eliminated all 
possible sources of error. I do not mean to sav I suspect апу 
error, but I do not quite consider these checks themselves 
wholly conclusive. 

I wish to suggest another method of making these measure- 
ments quickly, which I have tried, and which I consider much 
simpler in many ways. This is an old method for high-tension 
measurements—the use of the quadrant electrometer as a 
wattmeter. Such an instrument was discussed by Miles Walker 
in a paper read before the Institute at the Annual Convention 
in 1902, under the title of ‘‘ The Electrostatic Wattmeter in 
Commercial Measurements.” The description of certain meas- 
urements made with this wattmeter will be found in a paper 
presented by me at the Annual Convention of the Institute in 
1905, entitled ‘‘ The Experimental Study of the Rise of Poten- 
tial of Commercial Transmission Lines, Due to Static Disturb- 
ances Caused by Switching, Grounding, etc." 

One other suggestion. Often the best method to eliminate a 
good many of the difficulties is to use a large-capacity ap- 
paratus. It is a great handicap to start off with a small trans- 
former in large work, as it is necessary to correct for the errors 
introduced Ьу the transformer itself. If it had been possible 
to use a 1,000-kw. generator, and a 1,000-kw. transformer, а 
great many of the possible causes of сггог would not have had 
to be considered. 

There are some minor points I would like to bring forward. 

I would like to ask Mr. Mershon if he has anv numerical fig- 
ures on the actual loss during a rain storm? 

Some of the vapor-product series are straight lines—those 
which show the loss on insulators—and others are given as 
curves. The points are such that it is diMcult to tell whether 
they should be drawn as curved or straight lines. Is it possible 
they should all be drawn as straight lines? 

The losses on the insulator with the pin and without the pin 
are given. I think Dr. Thomson brought out the point there, 
that the discrepancy may be due not onlv to the greater dis- 
tance the charging current has to come without any pin, but 
to the presence of loss in the dielectric itself. The dielectric 
loss mav be the cause of the decreased loss with the pin removed. 
When the pin 1s in, there is a greater concentration of potential 
on the head of the insulator than in the other case, and that, 
as is well known, mav cause verv serious losses in the dielectric 
when the concentration is somewhere near the puncture point. 

There is another difference between Mr. Rvan's method and 
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Mr. Mershon's, if I remember, Mr. Rvan projected the ver- 
tical part of the loss curve down, to get the critical point, while 
Mr. Mershon cstimates the point of tangency. I may be mis- 
taken, but if Т am not, there should be quite a difference т 
the списа! point obtained from the same curve by the two 
methods, and cach method should be judged by its own results. 
When this is considered, the discrepancy appearing between 
Rvan's and Mershon's curves would be very materially reduced. 

I would hke also to ask how the points fall on the loss curve 
above the knee of the curve. The points given do not run up 
around the knee. It would be interesting to know how well 
they fall on the curve above the knee. 

Ralph D. Mershon: Fig. 22 gives that. 

Percy H. Thomas: That is just around the knee? 

Ralph D. Mershon: They come very much closer. 

Percy H. Thomas: That seems to me remarkable. It would 
be interesting to have the insulator, ~l, identified, or а more 
complete drawing of it given. That is the insulator which shows 
the least loss. 

I would like to ask also whether there 1s anv possibility that 
the losses in the cords from which the wire was held would 
affect these curves at all? Of course, that loss is pretty small, 
but if the cords stayed out in the atmosphere even one day, 
there might be some change. 

Ralph D. Mershon: A check was taken on the cords each 
time. 

Percy Н. Thomas: It is interesting to link this phenomenon 
with the usual brush discharge. With needle points, separated 
somewhere near the sparking distance of the applied voltage, 
there is a strong brush discharge, and there is ай enormous 
loss. If the distance 1s not too small—sav three feet—the 
sparking distance will be almost the same with point terminals 
as with spheres or other large-diameter terminals. This result 
is different from the results which are given in Mershon's curve, 
which we still believe to be right, wherein the smaller-diameter 
conductors show a much larger loss than the larger conductors. 
These two results must certainly be consistent, and probably 
indicate a loop curve in the form shown in the figure. If we 
have transmission lines separated sav 29 inches, as the closest 
distance we have in the paper, the loss with different size con- 
ductors varies considerably, but with any given conductor will 
increase as the distance is decreased, until puncture finally 
occurs. I imagine we can draw the loss curve for a small con- 
ductor as the voltage increases, as shown somewhat bv the 
full ine. For a larger conductor the loss does not start at so 
low a voltage, but it does rise in the end as shown in the dotted 
line, and judging from the fact just stated that needle points 
and spheres have equal puncture distances, these two curves 
approach each other. The explanation probably is that as 
the smaller conductor begins to discharge actively the strain 
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is transferred from the conductor itself to the region of air 
around it, and is then restrained there. At а little higher 
voltage, or closer distance, the larger-diameter conductor begins 
to discharge current, and is then on an equality with the smaller. 
After this critical starting point is once reached, it is the con- 
vective resistance of the air which determines the leakage to 
the air. If this hypothesis turns out to be true, it will prob- 
ably be found that the loss curves for the smaller and the larger 
conductors approach each other as the puncture points come 
nearer and nearer. Of course, that is beyond any practical 
limit for commercial work. 


LOSS TO AIR 
PUNCTURE VOLTAGE 


VOLTAGE 
Fic. 1 


Р. М. Lincoln: A question has occurred to me the answer 
to which I do not find in the paper—and that is the question 
as to the influence of the potential of the ground with respect 
to the potential between wires. Mr. Mershon’s curves are all 
plotted with reference to the potential between the wires. Ш 
he was working with a single phase, as 1 assume he was, then 
the ground potential may safely be assumed as half the potential 
between wires. However, in a three-phase system the poten- 
tial to ground does not remain one-half of the potential be- 
tween wires but approximately 58 per cent. of it. The ques- 
tion occurs to me, whether or not this difference of potential 
has any effect on the loss which will take place in these wires. 
Again, in case а three-phase svstem becomes grounded, what 
effect does that have on the loss? Will the loss be decreased 
or increased? The potential between the wires will remain the 
same, but the potential of the conductors to ground will be very 
different. That is quite an important question, and has an 
important practical bearing. 

Carl Hering: While at Niagara Falls some ten or a dozen 
years ago I noticed a phenomenon which may have some bearing 
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on a point raised in the paper, and touched on by Professor 
Thomson and Dr. Sheldon, namely, on a possible loss of energy 
into the space surrounding the high-tension transmission. wires. 
I was riding on a steam train which was close to the high-tension 
transmission lines, and the smoke or steam from the locomotive 
passed across these lines. As it crossed the wires, I noticed that 
it formed itself into circular rings around the wires as centers. 
Presumably they were hollow cylinders, but I could see only 
the ends, which were circles. It was quite a striking phenom- 
enon. I called it to the attention of a number of those near 
me, and they all perceived it. It was at the time of one of 
our conventions. It seems to me this shows at least two things, 
namely, that some phenomenon takes place requiring energy, to 
arrange the smoke into rings, and that this energy must come 
from the wires, and therefore represents a loss; it may be trifling, 
but it is a loss. 

Chas. F. Scott: Mr. Mershon’s paper deals with certain large 
and fundamental questions and combines in a very beautiful 
way the scientific and the engineering. It records a research 
into unknown fields—not a simple measurement of some facts 
pretty well outlined beforehand, but an investigation into an 
unknown field where unexpected results have been obtained. 
The unexpected very often appears, at first, to be the erratic. 
If the points do not fall on the curve properly, it seems at first 
that there are probably some errors of measurement, or instrumen- 
talerrors. Theerrors of observation having been eliminated, and 
the discrepancy still occurring, then it is necessary to look for 
some new factor. Mr. Mershon intimates some of the troubles 
he had in discovering these new and erratic elements, and it 
seems to me that one of the most beautiful things in the paper 
is the manner in which he set about to discover what was the 
matter with the vapor. He was pretty sure beforehand that 
the vapor had not anything to do with the case. His former 
tests and Professor Ryan’s tests had apparently established the 
fact that the vapor was not a variable factor, but when he 
finds troubles, he begins to investigate as to the vapor. He 
does not know what the law is, but he sets his assistants to 
work to make all 50115 of new combinations of vapor constants, 
and they finally fall upon one which seems to account for and 
explain the phenomena observed. The law mav admit of 
scientific explanation, and in short be quite obvious now that 
it has been discovered. The point I want to make is that Mr. 
Mershon worked in the dark, and worked with no guide, and 
he finally came across this “ obvious " conclusion. 

Another thing is brought out in the same connection—a 
matter which can be worked out in the laboratory and meas- 
ured under laboratory facilities and laboratory conditions may 
unfoitunately, and sometimes in a verv discouraging wav, 
prove ineffectual and incomplete when it gets out on a prac- 
tical transmission line. Lightning arresters may be cited, and 
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observations and measurements like those of Professor Еуап— 
not because the laboratory тау not have gone as far as it could, 
but because it cannot anticipate all the outside conditions. 

This paper, and the things it deals with, аге fundamental, 
because they set certain limits to electric power transmission. 
Mr. Mershon in another paper, which he worked out with great 
elaboration some two vears ago, sets forth the economic voltage 
to be applied for transmission to different distances, and the 
size of conductor which would be used in transnutting power 
to different distances with the greatest economy. It happens 
that the diameters of conductors to be used with certain volt- 
ages, at certain distances, all fell within the limits of loss. For 
example, a wire half an inch in diameter was determined by 
Professor Ryan to have a loss beginning at a certain critical 
voltage. Mr. Mershon found it was not desirable to use that 
wire at that voltage, but at a lower voltage. That seems to be 
a happy circumstance. It would be quite unfortunate if it 
were necessary, for example, to use a wire an inch in diameter 
to avoid loss at 25.000 volts. 

Now, Мг. Mershon has unfortunately changed one set of 
these constants, the critical voltages for wires of different 
diameter, and [ am not sure from my recollection of the other 
paper whether he can now use the diameters of conductors 
which he found in his paper on transmission economics were 
desirable. If he can touch on that in his résumé, it will be 
quite interesting. 

This brings into prominence another point, the difference 
hetween aluminum and copper. He savs in his Conclusion 18 
that “ The loss and critical point are the same for copper 
and aluminum under the same conditions.’ That statement 
refers presumably to the same conditions of diameter, and 
not of conductivity, so that in practical work there may be a 
уегу marked difference between the use of the two metals, 
favorable to aluminum. 

This paper marks another chapter in an interesting history 
which has been going on in the Institute TRANSACTIONS for the 
past ten vears. To give a résumé for a moment—a dozen years 
or more ago, when large transformers of high voltage seemed 
to be something in the future, a high-voltage transformer 
giving 40,000 volts was made for the testing of insulators and 
for a general investigation into unknown regions of high voltage. 
In these tests, made at Pittsburg, some small wires were strung 
four or five inches apart, which showed a critical point, a very 
decided critical point, at which the wires began to give mani- 
festations in three different wavs, appealed to three different 
senses: to the eve Бу the corona and halo around the wire, 
manifested in the dark, to the ear by sound, and to the sense 
of smell by the odor of ozone or something of that character. 
These three indications began to manifest themselves at а сег- 
tain voltage which could ђе read very closely on the voltmeter, 
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and the manifestations could be repeated in successive tests. 
Mr. Nunn was in Pittsburg about that time. He was 
then operating the oldest high-tension single-phase trans- 
mission, and was very much interested in these tests, and 
urged that tests of that kind be continued out at Telluride, 
offering the facilities of the power plant with the facilities of 
the apparatus and assistants and observers which were furnished 
from the east. A little later Mr. Mershon did the work which 
has been recorded in the Institute TRANSACTIONS, to which he has 
referred this evening. Professor Rvan became interested in 
these results. He wanted to get a scientific explanation, a 
law, and he carried on a very beautiful set of experiments 
which have been recorded in the papers which he has read and 
to which Mr. Mershon has referred. 

Mr. Mershon has taken up the subject again, and has been 
able to draw some new conclusions. I think it is hardly worth 
while to add to the endorsements which have already been 
given to research work of this kind, which unite so closely 
the scientific, the engincering and the commercial. We can 
hardly realize the difficulties which Mr. Mershon has encountered. 
He has referred to them, with that little smile of disgust which 
he had a while ago, when he referred to the fact that he had 
to throw awav some six months' tests, because something had 
been overlooked ; but all of us who know Mr. Mershon and have 
known him for years back, know of his strong persistence, and 
that he does not stop at any ordinary obstacles. 

A. E. Kennelly: While desiring to add my tribute to the 
great merit and value of the paper, I would like to ask a ques- 
tion on one of the points that seem difficult to understand. 1 
refer to the effect of stranding the conductor upon the critical 
voltage. If I understand Figs. 39 and 42 correctly, the relation 
between critical voltage and outside diameter of the conductor 
is substantially the same for the solid wires and for the seven- 
strand wires. When, however, we come to 19-strand and 37- 
strand wires, there is a departure from the relation, and the 
critical voltage increases as though the diameter of the multiple- 
strand wire had been enlarged. In other words, do I under- 
stand the results correctly in deducing that the effect of strand- 
ing 1s only shown in 19-strand and 37-strand wires; and 1s not 
shown in seven-strand wires, which behave like solid con- 
ductors? 

Ralph D. Mershon: Apparently the seven-strand conductor 
is equivalent to the solid, for the same extreme diameter, but 
No. 7 is 19-strand and No. 8 is 37-strand. 

A. E. Kennelly: That is, the difference begins between seven 
strands and nineteen strands. 

Ralph D. Mershon: Dr. Kennellv's understanding is in part 
correct and partly in error. The effect of stranding is shown 
inaseven-strand cable. The effective diameter of a seven-strand 
cable (that is, the diameter as regards critical point) 1s apparently 
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that corresponding to the diameter of a solid conductor whose 
diameter is equal to the outside diameter of the seven-strand 
cable. The outside diameter of a seven-strand cable is greater 
than the outside diameter of a solid conductor having the same 
carrying capacity. The effect of stranding, therefore, in a 
seven-strand cable is to increase the effective diameter. When, 
however, the cable has more than seven strands, the effective diam- 
eter 1s apparently greater than that of a solid conductor having 
the same diameter as the extreme outside diameter of the 
cable. In other words, the scven-strand cable appears to have 
an effective diameter greater than that of a conductor having 
the same carrving capacitv, and equal to that of a solid conductor 
having a diameter equal to the extreme diameter of the seven- 
strand cable; while, with more than seven strands, not onlv is the 
effective diameter greater than that of a solid conductor having 
the same carrying capacity as the cable, but it is even greater 
than the extreme diameter of the cable. Why this should be 
the case Гат unable to conjecture, unless it be that the smaller 
the strand used, the smoother and more polished the surface 
of the strand, because of the greater number of times it has been 
drawn through the die. Now, we know that: the smoother the 
surface of a solid conductor, the higher 1$ the critical point, and 
it may be that while the corrugations on the surface of the 
cable, due to stranding, are too large to amount to roughness, 
the smoother surface of the individual strands is effective in 
increasing the critical point. 

Before replving to the other speakers I wish to ask Dr. 
Thomson with reference to Fig. 40, to see whether he has 
anv suggestions to make in regard to that part of the subject. 

Elihu Thomson: И is simply a question of the advisability 
of carrying to extremes the tests that are there shown. Quoting 
from the paper: “ In Fig. 41 corresponding results have been 
obtained for different sizes of conductors at the same spacing. 
Here again, the residual differences do not differ widely, except 
at the high voltages where the loss 15 very sensitive to anv 
change of condition, such as smoke, etc. On comparison also 
it will be seen that the residual differences are about the same 
in the two figures. Apparently, therefore, the increase of loss 
due to the increase of vapor in the atmosphere is the same for 
the same vapor product no matter what the size of conductor 
or what the spacing between conductors. Why this should be 
the case, I am unable to conjecture, any more than I am able 
to arrive at any rational explanation of the rclation between 
loss and vapor product." It seems to me it would be desirable 
that these tests be carried to extremes, to see whether the 
condition pointed out will hold through much wider ranges. 

W. Г. Waters (bv letter): I think Mr. Mershon’s paper on 
the losses in high-voltage overhead wires and insulators is the 
most important paper which has been presented to the Institute 
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this vear. Onlv those who have undertaken similar investiga- 
tions realize the amount of work which 1s entailed їп such an 
investigation. Мг. Mershon 1$ greatlv to be complimented on 
the perseverance and skill with which he has continued the 
investigations which he began twelve усаг ago. 

There 1$ just one point which I wish to discuss 1n connection 
with this paper, and that is the general question of insulator 
loss. Mr. Mershon finds that the insulator loss 1$ considerably 
greater with wooden pins than with iron pins, and the explana- 
tion of this fact given by him dves not altogether explain why 
we get much better results with some insulators with 
wooden pins than with iron pins. Mr. Mershon їп his explan- 
ation considers {һе insulator as a condenser of infinite resis- 
tance in series with the resistance of the wooden pin. As 
a matter of fact, however, the insulator has not an infinite 
resistance, and under some conditions can have a comparatively 
low resistance. А more exact way would be to consider the 
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insulator as a condenser with a considerable amount of leakage, 
in series with an ohmic resistance. There is leakage between 
the various parts of the insulator, both through the material 
of the insulator and over the surface. Assuming this state of 
affairs, the correct diagram is shown in the accompanying 
sketch, in which I have taken the system as consisting of a high 
ohmic resistance shunted at various points by condensers. 
We see from the vector diagram that the ohmic drop in the 
wooden pin is not in quadrature with the terminal voltage but 
makes a smaller angle, sav 45 deg. or 60 deg., with it, conse- 
quently the voltage on the insulator is appreciably lowered by 
the use of the wooden pin, as shown in the vector diagram. 
The voltage from line to ground is ОР, while the voltage on 
the insulator 1s ОЁ,, so we can understand why an insulator 
which will stand up satisfactorily with a wooden pin тау not 
be able to stand up under the increased voltage to which it 
would be subjected when used with an iron pin. Of course, 
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it is impossible to say just how much the voltage would be re- 
duced, in any individual case, without making measurements. 
Probably Mr. Mershon has figures from which he can calculate 
the reduction in voltage. The ohmic loss in the wooden pin is 
Cj К, and the magnitude of this loss will decide whether there 
wil be any trouble due to overheating of the pin; and the var- 
iable resistance of the pins on the line will account for the fact 
that some pins give trouble due to burning while others do not. 

It will be seen from the above that the capacity and ohmic 
resistance of the insulator, and the ohmic resistance of the pin, 
together decide the success of the wooden pin in anv particular 
case, and I would suggest that on account of the experience 
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gained from Мг. Mershon's tests that Mr. Skinner add to his 
insulator-testing specifications a clause requiring measurement 
of the average ohmic resistance and electrostatic capacity of 
the insulators, and the ohmic resistance of the pins when of 
wood. These values could probably be determined without much 
trouble, when the insulators are tested in large numbers, and 
after we have a little more experience in regard to actual 
figures they would give us some idea as to the probable success 
of the insulators and pins. 

N. M. Snyder (by letter): From observation and personal 
experience I concur with Mr. Mershon—especially in his Con- 
clusions 13 and 14. 

I also believe that the lossover insulators Бу moisture may be re- 


1908] DISCUSSION AT ATLANTIC CITY 1681 


duced materially by a change in design, and Conclusion 14, for ex- 
ample—-The smoother the surface of a conductor the less the loss 
and the higher the critical point—seems to suggest a remedy. 
Itisquite true, thata point ornumberof pomtsona highly charged 
body will dissipate а charge more quickly than if the body 
were entirely smooth; and by a series of tests we find that a charge 
will remain сп the exterior rather than the interior of a con- 
ductor. 

Now, then, by so designing an insulator as to give the main 
feature the shape of a cone, as shown, to give a protection to 
the petticoat and pin from rain, the insulator would have the 
advantage that the surface would be comparatively free from 
points to radiate a discharge, and also that the inner petticoats 
would be protected to a certain extent from moisture, coal-smoke 
deposits, etc. Ву this arrangement I believe additional benefits 
тау be derived. 

Ralph D. Mershon: Before replying to the technical points 
raised, I desire to emphasize the appreciation, already expressed 
in my paper, of the generosity of those who contributed to the 
expenses of this work; and to express my pratification at the 
expressions of like appreciation. which. have. come from the 
various speakers this evening. It is to be hoped that the engi- 
ncering profession may be benefited by similar contributions 
in the futurc. 

The interest which Professor Thomson has taken in this 
matter, and the thoroughness of his discussion are very gratify- 
ing, especially as he has thrown a great deal of light upon the 
relation between loss and “ vapor product." In fact, it seems 
to me most probable that his explanation of this relation is the 
correct one. 

Mr. Floy has brought up the question as to why the critical 
points obtained by me differ from those obtained by Professor 
Ryan. I think that his suggestion, especially if extended a little 
further, may largely account for this difference. Professor 
Ryan determined his critical points by the criterion of luminosity. 
There might have been, as suggested by Mr. Floy, an error in 
this method of determination, due to the personal equation, 
and to the conditions under which observations were made. 
But there is another possibility. Luminosity would require a 
certain definite amount of loss; that is, it would be necessary 
to be a certain distance above the critical point before luminosity 
would occur, and it may be that it 1$ necessary to go quite 
appreciably beyond the critical point before the wires are lumi- 
nous. There are two other considerations also which might, 
in part, account for the difference. One of these, touched upon 
by Dr. Steinmetz, and which I shall refer to again, is that Pro- 
fessor Ryan in his experiments, undoubtedly realized the con- 
dition of a conductor having a uniformly smooth surface a great 
deal closer than it would be possible to realize this in a trans- 
mission line. The other is that Professor Ryan’s experiments 
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were made under such conditions as would give him as nearly 
uniform density of charge on the surface of the conductor as it 
1$ possible to obtain. Now, if instead of making the measure- 
ments between a conductor and a cylinder which surrounds 
it, they are made between two conductors, there 15 not a uniform 
distribution of charge on the surfaces of the two conductors. It 
is true that when the distance between the conductors is great 
as compared with their diameters, the charge is very nearly 
uniform, but, nevertheless, it is not exactly uniform, the density 
being very slightly greater on those portions of the conductors 
opposed to each other. This difference of charge means an in- 
creased rate of fall of potential, which increase, though уегу 
shght, would aid somewhat in lowering the critical point, and, 
therefore, in the discrepancy in results. 

Dr. Steinmetz has said that the critical point as determined 
in my paper is not the true critical point, for the reason that 
the conductor and surrounding conditions are not absolutely 
uniform; that the first beginning of a brush discharge will be at 
some isolated point, some kink in the conductor, and that the 
voltage at which this occurs cannot be considered as the voltage 
where the breakdown strength of the system has been reached 
all over the conductor. The point Dr. Steinmetz raises is a very 
interesting example of the difference between engineering in- 
vestigation and scientific investigation. The critical point I 
have determined in my paper is the engineering critical point 
of a transmission line, and is the critical point with which trans- 
mission engineers are concerned. The critical point of which 
Dr. Steinmetz speaks is the scientific critical point, and while 
it is very desirable to have it, after it has been obtained, it will 
be impossible to make use of it in transmission practice until 
there has been determined the corrective factor necessary to 
account for the “ kinks " and ‘“ surrounding conditions " which 
will exist in practice. I quite agree with Dr. Steinmetz that it 
is very interesting and very desirable to have the scientific 
critical point, but I maintain that for transmission purposes the 
critical point as I have derived it is the one most immediately 
desirable and which we must have in any case. It is possible 
for us to get along without the scientific critical point, but the 
engineering critical point is absolutely necessary. Later on, 
I expect to continue this work, and at that time I shall endeavor 
to obtain the scientific critical point. 

Dr. Steinmetz also takes exception to the method I have 
employed for determining the critical point; that 1s, by extending 
the lower limb of the loss curve and finding the point at which 
the upper limb departs from it. He savs that both branches of 
the curve may theoretically be expected to go through the 
origin, and that if we had the equations of the lower branch 
in Fig. 38 and of the upper branch, the point of intersection 
would be the critical point. I do not see how these statements 
can be correct. The whole theory of critical voltage, as I under- 
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stand it, is that the equation of the upper branch does not go 
through the origin; that the phenomena to which the upper 
branch is due begin more or less abruptly at the critical voltage. 
If this be the case, the critical point 1s the point at which the 
equation of the upper branch would cut the axis of voltage and 
is, therefore, in the curve formed by the combination of the 
upper and lower branches, the point of departure of the upper 
from the lower branch, and not, as stated by Dr. Steinmetz, 
the point of intersection of the equations of the upper and lower 
branches. Resort to the device suggested by Dr. Steinmetz, 
of plotting the logarithms of the ordinates, does not lead to 
satisfactory results. The upper portion of the curve obtained 
is not a straight line, so that if the endeavor 1s made to deter- 
mine the critical point from this derived curve, it can be done 
only by resorting to the same method that I have employed; 
namely, that of determining the point of departure of the upper 
from the lower limb. [п the derived curve, this method is more 
difficult of determination than in the original curve, because the 
rate of departure is less. 

As regards the method of measurement used and the remarks 
made thereon by Mr. Thomas. I would say that while I have 
not used the particular method he mentions, I have made use of 
some methods of measurement involving a wattmeter in the 
high-voltage circuit, and found them extremely unsatisfactory. 
The chances for error due to electrostatic effects and other effects 
incident to the use of high voltage directly, are so great, es- 
pecially when measuring losses as small as those concerned and · 
at the very low power-factor at which they occur, that the use 
of instruments in the high-voltage circuit does not commend 
itself to me. Оп the other hand, having used the present method 
of measurement in the Telluride investigation, and having made 
use of it again in the Niagara work with entirely different 
apparatus, I have come to feel, as the result of such check 
measurements as could be made, and in view of the compati- 
bility of the results obtained, that this method is absolutely 
reliable. In addition, it has to commend it the fact that one 
is working in a low-voltage circuit instead of a high-voltage onc. 
] would say in reply to Mr. Thomas' question, that I have some 
data for losses which occur under rain conditions, but they are 
not definite enough to justify their presentation. During a 
rain storm or a snow storm the wattmeter continually varies 
with little jerky kicks. Mr. Thomas notes that the ''vapor 
product ” curves for the insulators are straight lines, while those 
for the loss between conductors are curved. As stated in the 
paper, the loss lines for the insulators would probably have been 
curves also if the readings had been carried to a higher vapor 
product. This was not done. because of the great expenditure 
of time that would be involved in waiting for weather conditions 
which would enable measurements under the higher vapor 
product conditions. Мг. Thomas also refers to Professor Ryan's 
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method of determining the critical point of a loss curve, and 
thinks that this might in part account for the discrepancy be- 
tween my critical points and those of Professor Ryan. While 
there would, undoubtedly, be a discrepancy in the critical points 
determined in these two wavs, this would not, I think, account 
for the discrepancy which exists, for the reason that the critical 
points finally given т Professor Ryan's paper were obtained 
not from as I remember it he took no loss curve 
but from his observations as to critical point as determined by 
luminosity. 

Mr. Lincoln inquires as to the influence which the potential 
of the ground relative to the wires might have оп loss, with par- 
ticular reference to the losses on a threc-phase circuit, as com- 
pared with those on a single-phase circuit. My measurements 
were all made on a single-phase circuit with the neutral grounded, 
so that I am unable to reply to Mr. Lincoln’s question. I hope, 
however, to be able to supply this information later, as the 
three-phase loss is one of the matters which I have in mind for 
future investigation. 

Replying to Mr. Scott's remarks, as to the bearing which these 
new critical points would have upon the conclusions arrived at 
in the paper which I wrote for presentation at the International 
Electrical Congress, I would say that the economic voltages of 
the International Electrical Congress paper are all well below 
the critical voltages of the present paper. I agree with Mr. 
Scott that in the use of higher voltages there may be a verv 
marked difference in favor of aluminum, because of greater 
diameter of conductor corresponding to a line of given resistance. 

Ralph D. Mershon (by letter): There is one point т Pro- 
fessor Thomson's discussion with which I do not agree, and which 
] feel sure is т error. He assumes, in discussing Conclusion 19, 
that the only insulator loss which could vary with frequency 
would be the hysteresis loss in the body of the msulator itself. 
I do not consider that this would be the case, and my attitude 
in regard to this matter will be clear from what follows. 

Tye losses which, as I take it, occur in connection with an 
insulator, are as follows: 

DR loss through the substance of the insulator itself. 
This is the same sort of loss that would occur with direct cur- 
rent of the same effective voltage. 

b. Hysteresis loss in the substance of the insulator itself, 
due to the variations of dielectric stress which occur with alter- 
nating current. 

[LR loss in the film on the surface of the insulator, similar 
to that which would occur with direct. current. 

d. РК loss in the film of the insulator due to the charging or 
condenser current taken bv the insulator. 

I think there can be no question that film losses or something 
canivalent thereto exist. The fact that insulator losses are 
са сте for different hygrometric conditions is proof of this, 
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so that there will probably be no dispute as to the existence of 
the loss (c). That there should be a loss of the nature of (d) 
would appear from the following consideration. The different 
petticoats of the insulator and the different portions of these 
petticoats are undoubtedly at different potentials. The result 
is that between the various petticoats and portions of the same 
and between the petticoats and the insulator pin there 1s a con- 
denser action; that is to say, the petticoats are analogous to 
the plates of condensers in series. To make the analogy more 
nearly exact, we must consider that between the condensers in 
serles there are resistances because the charging current to the 
various portions of the petticoats must come to these portions 
through the resistance of the surface film of the insulator. 
Thus, the charging current to the insulator will cause 7?R loss 
in the film on the surface of the insulator. Now, the magnitude 
of this charging current will depend upon the frequency, and 
the РК loss due to this charging current will, therefore, depend 
upon the frequency, so that the insulator loss would be affected 
by frequency, even though the hysteretic loss, or loss (b), were 
zero. It was not loss (6) that I had 1n mind in Conclusion 19, 
but rather loss (d). I do not, therefore, agree with Professor 
Thomson that “if the insulator dielectric were free from all 
dielectric hysteresis, we should not expect Conclusion 19 to hold." 
Aside from the above theoretical consideration, that there is a 
loss of the nature of (d) 15 evidenced, I think, by the fact brought 
out in the paper that of the various insulators measured, some 
of the larger ones had the higher losses. We would expect that 
the larger the insulator, the smaller would be losses (a), (b) 
and (c), but that loss (d), if it exists, would be greater, since 
the charging current would increase with the size of the insu- 
lator, and the increase would be especially marked in insulators 
whose petticoats were approximately parallel to cach other 
and to the рт. As pointed out in the paper, the measurements 
seem to bear out these two considerations, and it was because of 
this fact, and because it seemed to me that the loss in the substance 
of the insulator would be small, that the difference in the losses 
shown by the two curves in Fig. 32 was assumed as mainly due 
to loss (d). It has been suggested that this assumption is in 
error and that a large part of the difference in loss shown in 
Fig. 32 may be due to (a) or (b) or both of them. 

Since the presentation of this paper, Mr. C. E. Skinner has very 
kindly had made for me some measurements bearing upon the 
ohmic resistance of an insulator similar to that to which Fig. 32 
applies. He found that with а galvanometer connected in 
series with the insulator and with 500 volts direct current im- 
pressed upon the combination, no indication. was obtained, 
although the galvanometer was such as would, on 500 volts, 
give an indication with 500,000 megohms in series with it. It 
would seem, therefore, that this definitely settles the question 
as to ГК loss in the substance of the insulator, to the effect that 
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such loss is practically zero. As to the hysteresis loss, I am not 
in a position at this time to make any measurements bearing 
upon it, but expect to do so later. Meanwhile I have no reason 
to believe that any large portion of the difference in loss shown 
by the two curves in Fig. 32 15 due to hysteresis. 

I do not sce the force of the point Mr. Waters makes. Even 
if the insulator were a perfect condenser with no loss, a рт 
would increase the insulation strength, if it had sufficient re- 
sistance, and would also be a source of loss. The fact that the 
insulator is not a perfect condenser is shown by the measure- 
ments upon it. The loss is mainly, if not entirely, over the 
surface of the insulator. Possibly Mr. Waters has bcen misled 
in considering Fig. 37 by having overlooked the fact that, as 
stated in the paper, the pin, with which the curves of Fig. 37 
were obtained, had to be wetted in order to make the measure- 
ments. 


imc 
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DIscussIon ох “ Tug Testine or HIGH-VOLTAGE LINE INSU- 
LATORS." ATLANTIC City, М. J., JuNE 30, 1©08 
(Subiect to final revision for the Transactions.) 


Percy H. Thomas: The testing of a high-voltage insulator 
by application of voltage from a spark-gap or other high-fre- 
quency discharge has an extremely important bearing on the 
{уре of insulator. А four-part insulator or а three-part 
insulator, in fact any large insulator, has its resisting power 
made up of a number of elements all practically in serics. The 
possibility of the concentration of potential on certain parts of 
these insulators is well recognized. This condition is recognized 
as greatly reducing the breakdown voltage of an arrester. The 
feature I wish to bring out is that with very high frequencies 
this concentration effect is enormously multiplied. I believe 
that a careful study of this matter will result in some modifica- 
tion of insulator design. 

I ask Mr. Skinner if it is worth considering that there will 
be a difference in local heating, according to the frequency of 
the test current; for example, a 133-cvcle test might show 
local heating which would not show on a 25-cycle test. Any 
local heating in a specific insulator is a very important item, 
as it indicates an inside weakness. 

Ralph D. Mershon: Mr. Skinner's paper interests me not so 
much because it suggests specifications for an insulator as 
because 1t recommends certain definite methods of test. There 
is one recommendation especially with which I heartily concur; 
that is, make rain tests by using, in all cases, a vertical spray 
and placing the insulator at a specified angle, instead of en- 
deavoring to imitate rain conditions as regards the angle of 
precipitation. 

Rain conditions are indefinite and variable, so that any 
assumptions made in regard to them must necessarily cover only 
one of many conditions. The best that can be done is to as- 
sume a maximum rate of uniform precipitation at a definite 
angle. We know, with a fair degree of accuracy, the maximum 
rate which will not be exceeded in practice. The angle of pre- 
cipitation may, however, vary from approximately zero degrees 
with the horizontal to 90°. It is usual to assume 45° as a fair 
compromise. But having made these assumptions, which can 
not represent all actual conditions, we are unable accurately 
and conveniently to produce them. It 1s extremely difficult 
to get a water spray to fall at anv definite angle, other than 
90° with the horizontal, and with uniform precipitation. The 
result is that flash-over tests made by different observers with 
different testing equipments, or even at different times by the 
same observer with the same equipment, are often most dis- 
cordant. 

It seems to me it would be much better to adopt a method 
of test which, whether it does or does not appear to represent 
very closely actual conditions, will serve as a criterion and 
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will offer some chance of reproduction, approximately at least, 
at different times and with different observers. This will be 
accomplished if the sprav be kept vertical, and the insulator 
inclined, for there 1$ a great deal better chance in that case «f 
obtaining a uniform spray at a definite angle with respect to 
the insulator. 

The present method of testing insulators for flash-over con- 
ditions under precipitation is very unsatisfactorv, so far as 
repetition is concerned. I have lately made some experiments 
оп a new type of insulator under what was supposed to be a 
precipitation ef one inch in five. minutes at an angle of 45°. 
About a week afterwards another observer made similar tests 
under as nearly as possible similar conditions, and obtained tle 
same results. About three weeks afterwards the same man 
endeavored to repeat the results and could not get anv where 
near the figures which had been obtained in the first place for 
flash-over under rain conditions. Т have had similar experi- 
ences repeatedly and, as the result, have usually, when de- 
siring to compare two insulators as regards flash-over, endeav- 
оте to test them together, either simultaneously or by keeping 
the spray the same and alternately substituting one insulator 
for the other. The latter is probably the safer method, as 
more likely resulting in the same precipitation in both cases. 

I am disappointed that Mr. Skinner has not gone more fullv 
into the question of the kind of sprav nozzle for producing a 
uniform precipitation. It is di Ecult to get a nozzle which will 
give uniform distribution and do so continuously. It would 
be of great value if Mr. Skinner could tell us where or how to 
obtain a nozzle which would fulfil the requirements. 

The rate of precipitation. usually assumed 15 about one inch 
in five minutes. The maximum rate of precipitation of which the 
United States Weather Bureau has any record is less than cight- 
tenths of an inch in five minutes. Something more than the 
maximum observed rate is desirable, and it would seem, there- 
fore, that опе inch in five minutes would.be amply suTicient. 
I would suggest that this figure, or its equivalent, two-tenths 
of an inch in one minute, be adopted, instead of the range of 
precipitation which Mr. Skinner has suggested. 

I agree with Mr. Thomas that frequency will, in all proba- 
bilitv, have a considerable effeet on the flash-over voltage of 
the insulator: if this 1s shown to be the case, the insulator should 
be tested at the frequency for which it 1$ designed. The flash- 
over voltage will also probably depend a good deal upon the 
method of voltage control in making the test. The discordant 
results obtained with different testing equipments are, no doubt, 
due, in part, to the fact that the voltage 1s usuallv controlled 
bv means of a rheostat in series with the testing transformer. 
This method of control will, under some conditions, materiallv 
modify the wave-form. If the voltage be varied by varying 
the field of the generator, there is a much better chance for 
concordant results. 
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Clayton Н. Sharp: In reference to the production of а 
proper spray or precipitation for use in the testing of insulators, 
I am having constructed at present an apparatus which has 
been suggested bv an arrangement in use, I believe, in the 
German Reichsanstalt. This arrangement consists of a large 
cylindrical vessel, which has a considerable number of little 
tubes running out from the bottom of it, equally spaced in 
centers of one and one-half inch squares. The top 1s closed and 
has a micrometer valve by which the admission of air can be 
controlled. On the side there is an ordinary gauge glass to 
show the level of the water, and the rate of precipitation. These 
tubes will have cotton wicking stuffed into them of proper 
thickness, and a tail of fine wire, to enable the drops to fall off. 
With an arrangement of that kind, I hope to get a uniform 
dropping of the water, in other words, an imitation of a rain- 
storm, which can be regulated by changing the admission of 
air by the valve, and in which the rate of precipitation can be 
measured on the gauge glass at the side. By setting up a fan 
at one side the effect of a hard wind may be obtained. I do not 
know that such an apparatus has ever been used, at апу rate 
in this country; if it has I would like to know what the results 
of experience with a device of that kind have been. It seems to 
me that such a device has a great advantage, coming nearer to 
an actual rainstorm than any ordinary spraving arrangement 
It gives separate drops of water, and that 1$ what we want. 

E. M. Hewlett: Regarding the rain test on insulators, some 
folks like heavy rain, some like a flood, and some are satisfied 
with a mist. I do not believe you can satisfy everybody. It 
looks as though possibly a steam test might give a better average 
condition; there will not be so many conditions to balance up. 
You can get quite a film of moisture on the surface with the 
steam test, and can duplicate 1t more readily than the rain test, 
making better average tests. The rain test is of value in deter- 
mining insulator design. 

Chas. P. Steinmetz: There 15 one test which I do not find 
mentioned in Mr. Skinner's paper, and that is the test of the 
insulator after being submerged in water for a considerable 
period, a week or ten days, or more. A porcelain insulator may 
well stand all the tests outlined here, and may fail їп service 
after a few weeks or months, by absorption of moisture through 
hair cracks in the glaze, due to incomplete vitrification or to 
porosity of the material. Porcelain 15 by no means an ideal 
material for an insulator. It 1s a heterogeneous mass, more or 
less completely vitrified in its interior, and covered with a glaze. 
If the vitrification is perfect, 1{ 1s just as good and uniform as 
glass, but if the vitrification 1$ not perfect, as long as the glaze 
keeps the moisture out it will stand, but as soon as by tem- 
perature variation of the air the glaze begins to acquire hair 
cracks, moisture soaks in and the insulation strength goes 
down. Glass would be preferable except that it is mechanically 
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weak, and is hvdroscopic, and so covers itself with a film of 
moisture. I am not entirely satisfied with such a test as im- 


mersion in water, but I bring it to vour attention. Perhaps * 


some one else might suggest a better wav of testing a small 
percentage of insulators for absorption of moisture and de- 
crease of disruptive strength resulting therefrom bv long- 
continued exposure to water and atmospheric conditions. 

I also raise the question whether it 1s advisable, as proposed 
in the paper, to allow any tests of less than twice the rated 
voltage. Here tests are proposed of one and one-quarter and 
one and one-half times the rated voltage. Now, you know that 
in our standardization rules. no voltage test 15 permitted on 
any apparatus of less than twice the rated voltage. That is 
the minimum test permitted. Here we have recommended 
tests under undesirable, but still actually existing conditions, 
of one and one-quarter times the rated voltage. The margin 
is rather small, probably too small. Many of us feel that at 
the present time the insulator is the weakest hnk in the long- 
distance transmission system. The occasional use, for instance, 
of 60,000-volt insulators on 40,000-volt systems also shows that 
the engineers feel that the extra high-voltage insulator is really 
not quite as good, does not have the same margin of safety, as 


other apparatus. It would be much more consistent if we 


insisted in testing the insulators to ascertain that they have 
the same margin of disruptive strength as all other apparatus 
is supposed to have, instead of so moderating the tests as to allow 
the insulators to be rated at a voltage to which they are not en- 
titled on the basis of the margin of safety standard for all other 
parts of the svstem. 

In regard to specifying the number of insulators tested on 
one trial, etc., my understanding 15 that the paper proposed 
additional matter to the rules of our Standardization Committee, 
so in this connection our standardization rules—which specify 
how many insulators vou can test from one transformer, that 
is, how large the capacity current can be compared to the tran- 
former capacity— would apply. АП those features that are 
specified bv our standardization rules are implied, and the 
paper merely brings forward additional matter. 

C. E. Skinner: I am a little surprised that nothing has been 
said in the discussion in regard to the dew test. I do not know 
whether this test has been used to anv great extent or not, but 
those who have used it claim that it 1s far more satisfactory 
than any rain test, and also more severe, and it 1s one that 
ought to be relatively easy to repeat. 

In regard to the number of insulators which may be tested on 
a given size transformer, I would sav that Dr. Steinmetz has 
already covered the point. You will note that the paragraphs 
on voltage control, capacity of testing transformers, etc., are 
practically copied from the standardization rules. They are 
partly repeated here, in order to make the specification com- 
plete. 
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In regard to the question of placing the insulator vertically, 
and having an angular sprav, I agree entirely with Mr. Mershon; 
no method has yet been brought to my attention which 
could be controlled with suflicient accuracy to allow repetition. 
This specification 1s intended to be a performance specification, 
and to have a performance specification you must be able to 
repeat your tests. The best we have been able to do in our 
laboratory in making tests 1s to get a spray which, measured 
by the rain gage, taking successive squares in the spray, showed 
a variation of very approximately that given in the specifica- 
tion, that is, 0.2 to 0.3 inches per minute. I do not believe it 
makes very much difference whether it 1s a little more or a little 
less. I think that with that amount of water the results will 
be about the same. Мг. Mershon referred to a rate of one inch 
in five minutes—which is equivalent to 0.2 inch per minute. 
In all the communications that I received, I did not hear of the 
method mentioned by Dr. Sharp, although I was in communi- 
cation with some of the German porcelain manufacturers. As 
a matter of fact, their letters did not give me very much informa- 
tion in regard to their method of obtaining the spray. I think 
that it would be impossible to use a fan and blow the spray 
the same on two successive davs—that 1t would be out of the 
question to repeat tests of that kind. 

The steam test suggested by Mr. Hewlett I think 1$ practically 
covered bv what I called the dew test here. It is merely gotten 
at in a little different way, and in a way which 1s frequently 
met in practice; that 1s, the insulator is cooled down during the 
night, and in the morning, particularly in the tropics, and in 
places where the temperature rises suddenly, the insulator 
becomes completely coated over its entire surface with a layer 
of moisture. 

The immersion test suggcsted by Dr. Steinmetz I think would 
be a very good one to add to the performance test, but I think 
it would be rather burdensome to make on all insulators. 

In regard to the over-potential test of one and a quarter and 
one and a half times, I would refer to the introduction of the paper 
in which I disclaim any great responsibility for the data there 
given; my own idea is that the tests specified are rather 
too low. I would like to see them higher, and if insulators can 
be purchased at a reasonable price for use on transmission lines 
under the more severe conditions, I would like to see the double- 
potential test substituted for the one given. 

Ralph D. Mershon: Аз regards the dew test, both as sug- 
gested by Mr. Skinner and by Mr. Hewlett, it does not seem 
a definite test. Moist atmosphere—what does that mean? It 
would make a great deal of difference in the condition of the 
insulator just how long it 1s left out, and just what that moist 
atmosphere means—how can you give any definite condition? 

C. E. Skinner: I have not made the dew test myself. It 
was proposed by two or three other persons who claimed 
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they had made this test and found it perfectly satisfactory. 
If the air contains a fair amount of moisture, there will be a 
sufficient collection of moisture on the surface of the insulator 
to make it flash over, under the test specified. 

E. M. Hewlett: We have made the steam test, and find it is 
easier to make the steam test than it 1s to get up in the morn- 
ing early so as to find the insulator cool enough to test it with 
the dew test. We put the steam on the insulator with a hose 
until the surface 1s covered with condensed steam, and then 
make the voltage test. 

М. J. Neall (by letter): Routine test. Inspection. I doubt 
very much the wisdom of allowing so large a variation as + 
5 per cent. in general over-all dimensions from the designed 
size. This is particularly critical for extra high-potential de- 
signs, where an insulator 14 inches in diameter and 14 inches 
high mav have a considerablv lower arcing test than one 15 
inches in diameter by 15 inches high. I think + 2.5 per cent. 
would be safer. 

Diclectric tests. This is a good commercial rule for testing 
parts, but due consideration should be given the potential gra- 
dient of the insulator as a whole as well as the individual electro- 
static capacities of the parts in series therein. Actually I 
would expect the top of an insulator to get almost line poten- 
tial strain, particularly if the pin be grounded. I would call 
for three times the usual line voltage, 2.5 times is not high 
enough. There is no designation as to what constitutes a 
“Jot.” I should suggest a selective test from each kiln fired. 

Design test. This permission to test as many as 5 per cent. 
15 generous indeed. In general, a much smaller percentage 
than this should suffice. 

Rain tests. 1.5 times normal voltage is too low; it should 
be at least 2 times. Likewise for dew test,—of shorter duration 
than 5 minutes, say 1 or 2 minutes. In none of these specifica- 
tions 1s the important requirement, '" with pin grounded," 
mentioned. | 

Methods of making tests. Rain test. The proposed angular 
position of the insulator with respect to a vertical rain does not 
appeal to me, because the whole combination of static field 
and reflected rain as found 1n service 15 apparently inadequately 
reproduced in this wav. I prefer the rain at ап angle instead. 
This detail requires further working out. 

In addition to the preceding details, I wish to add the fol- 
lowing: For testing insulators local conductors should be of 
large diameter to cut down the excessive ionization usually 
present in such tests. There should be some “table” of the 
number of insulators of given size that it 1s permissible to simul- 
taneously test with a testing transformer of given capacity. 
In testing large insulators in large numbers for extra high 
voltage, the charging current alone may impair the value of the 
test. There must be some recognized method of measuring 
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the voltage. Just as soon as the true character of spark gaps 
is known it should be applied to this work authoritatively. In 
the meanwhile I would suggest the use of shielded spark gaps 
with spherical tips—needles being more liable to error and 
burdensome in practice. For general testing, the voltage by 
ratio is desirable, provided it can be kept free of error; and the 
specification as to appropriate size of apparatus might include 
among 1ts requirements a description of the apparatus. 

I have already called attention, in my recent paper on light- 
ning before the Institute, to the desirabilitv of equivalent spark- 
gap measurements of insulators as indications of their non- 
arcing power. The arcing-over test of the insulator is no more 
indicative of its efficiency than the same test on a lightning ar- 
rester. 

The tendency of the proposed specification seems to be a 
letting down rather than a stiffening of those requirements 
heretofore generally followed. I think the record of operation 
of high-tension transmission systems will show the wisdom of 
making this clement thereof stronger than is proposcd in these 
specifications. 

Aside from these criticisms of details, I wish to state my 
belief that such a specification as here proposed by Mr. Skinner 
is highly desirable. 
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Discussion ом “А New LARGE GENERATOR FOR NIAGARA 
FALLS ", APPLICATION OF FRACTIONAL- PITcH WINDINGS TO 
ALTERNATING-CURRENT GENERATORS ", AND “ MODERN DE- 
VELOPMENTS IN SINGLE-PHASE GENERATORS." ATLANTIC 
City, №. J., Jury 1, 1908 

(5.:йлесі te final revision for the Transactions.) 

Wm. J. Foster: There are two or three points in connection 
with the generator described by Mr. Behrend to which 1 would 
like to call attention. I think that in many respects it is a 
most remarkable machine. The efficiency as given. by Mr. 
Behrend in the tabulation is something unusual, when we con- 
sider that it 1s а generator of 12,000 volts. I would hke to 
point out how, in my opinion, the high efficiency has been 
attained. 

The writer of this paper has given us a complete assembly 
drawing. It seems to me that it will be of great value to the 
professors and representatives of our educational institutions 
to have such complete data giving every essential dimension. 
From the curves showing the characteristics, taken in connec- 
tion with the assembly drawings, it 1s apparently possible to 
reproduce the windings exactly. The first thing I notice 15 the 
remarkably small amount of magnetic material in the armaturc, 
which results in a rotor of unusually small weight, considering 
the output of the machine. Мг. Behrend has taken a step in 
advance over all other designers in this respect. The reduction 
of magnetic material 1s something that is to be striven for and 
that can be accomplished, provided we can take care of the 
heating, which is what has troubled all of us heretofore. The 
amperage in the slots of this armature is very high, considering 
the potential, but Mr. Behrend says the temperatures are very 
low, hence it would appear that the problem has been solved. 

A word further with reference to the efhciency. What used 
to be called the electrical efficiency 15 evidently given, but it 
does not include a percentage of the load losses. И simply т- 
cludes the core losses, which, according to the curve, are 75 kw.. 
or only about one per cent. 

The efficiency is unusually high, and has been attained, in 
my judgment, by using an extremely high armature reaction 
fora 12,000-volt machine. If vou increase the armature reaction 
twenty-five or thirty per cent, as I consider has been done 
in this case, you attain a very high etheiency, much higher than 
has been attained heretofore. But this requires а different 
design of the rotor, involving a heavier pole. It 1s evident on 
the face of it that the pole must be of greater length, to take 
care of the increased ampere turns. It must be lengthened 
about as the square of the ampere turns, hence I consider the 
pole forty or fifty per cent longer than the usual type. This 
lengthening can be accomplished only by an unusually strong 
construction in the rotor, which Mr. Behrend dwells upon in 
his curves pertaining to the peculiar disk construction and in 
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his discussion of the characteristics of the nickel steel. Гат 
especially glad to see that nickel steel can also be obtained ‘of 
such high permeability. This is another thing which appeals to 
the designer as a step forward, namely, to be able to obtain nickel 
steel with high characteristics mechanically, and at the same 
time very high in its magnetic properties. 

In the matter of windage, I am somewhat disappointed in 
this machine. The curve showing the variation of the friction 
and windage with the speed is a peculiar one. You will notice 
how rapidly these factors go up with increased speed. At 
300 геу. рег min. it is nearly five times what it is at half that 
speed. И it continues to go up at that rate it will take 300 
ог 400 kw. to drive the generator at the runaway speed. It 
seems to me that eddies exist and that the most of the windage 
is really lost, as far as cooling effect is concerned. What takes 
place as the speed increases is that a new set or system of eddies 
is established, requiring more and more energy to enable 
the speed to be obtained. When we take into account the 
friction and windage losses in connection with the electrical 
losses and the load losses, it scems to me there is not very much 
gain in commercial efficiency on this machine. 

The reduction in magnetic material does result in assisting 
the problem of the bearings, but the bearings must be very 
conservative with the pressure per square inch as mentioned, 
and the rubbing speed so conservative. This same diameter 
of shaft is in use on many generators running at 400 revolutions 
with which I am acquainted. Hence, the bearings’ problem 
in this Niagara generator is not especially difhcult. 

B. A. Behrend: I have made the efficiency on the basis of 
short-circuit and core losses, but not including friction and 
windage, one-third of the short-circuit losses. 

Wm. J. Foster: In working up efficiencies и has been custo- 
mary to take one-third of the short-circuit losses as the '' load 
losses." I think the Institute should appoint a committee to 
consider whether that 1s the correct value to take for the load 
losses. 

L. Schuler (bv letter): When the first large turbo-alternators 
for single-phase current were designed about two years ago by 
the Felten & Guilleaume-Lahmeyerwerke, the question of 
avoiding losses by the pulsating armature reaction was carcfully 
considered. It was clearly understood that a minimum of 
losses could be attained cither by perfectly laminating the 
field or by providing heavy dampers, but we were at that time 
not quite sure which way would be best. We therefore made 
the following experiment: An ordinary three-phase induction 
motor with slip-rings was coupled to a direct-current motor 
and used as a single-phase generator by exciting one stator- 
phase with direct current. The other two stator phases could 
be connected to a variable resistance. Two slip-rings were 
short-circuited so that the whole arrangement represented a 
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single-phase generator with stationary laminated field, working 
under short-circuit. The two stator phases not used for excita- 
tion acted as " dampers " when short-circuited. By opening 
these phases or closing them through the variable resistance it 
was possible to work the generator with perfectly laminated 
field or with dampers of variable resistance. The losses were de- 
termined by the energy consumed by the direct-current motor. 
The curve, Fig. 1, was taken with constant armature current. 
It shows clearly that with single-phase load the hysteresis loss 
in a perfectly laminated field is much larger than the total 
hysteresis and eddy-current loss with low-resistance dampers, 
We therefore used heavy dampers in all single-phase generators. 
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for which we adopted the design shown in the sketch, Fig. 2, 
which has given full satisfaction. 

Е. Н. Clough (by letter): I have read Mr. Waters's paper 
with considerable interest, as probably most of us who have 
attempted the design of single-phase generators for coupling to 
steam turbines have experienced the difficulties described and 
have endeavored to eliminate the deleterious effects of single- 
phase armature reaction. As the author suggests, the simplest 
way of looking at the matter is to regard the armature mag- 
netization as consisting of two components, each of half the 
maximum value and revolving in opposite directions. 

If the rotor is provided with a complete squirrel-cage winding, 
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the machine can then be regarded as a single-phase squirrel-cage 
induction motor. The currents in the rotor bars under these 
conditions are such that taken in conjunction with the armature 
reaction of the stator a uniformly rotating field 1s produced. 
If the machine be assumed to be running at synchronous speed, 
the rotor will be stationary with regard to the field, and, therc- 
fore, an additional exciting winding supplied with continuous 
current can be placed on the rotor. By this means we come 
to the single-phase alternator as described in the paper. 

The company with which I am associated recently built a 
1,000-kw. generator of this type, and its operation has been 
entirely satisfactory. The squirrel-cage winding consists of 
copper bars carried in slots round the periphery of the rotor 
and short circuited at their ends by the brass rings used for 
retaining the exciting winding. By this means a very compact 
structure is obtained. 

Before building this machine, some experiments were made 
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with a slip-ring type induction motor, a description of which 
may be of interest. The stator of this motor had been wound 
with two conductors in parallel in the same slot, and for the 
purposes of this test these two windings on the stator were 
kept entirely separate. Fig. 1 shows the arrangement of the 
windings. Exciting current was supplied through the winding 
А J B and single-phase current taken from the two slip-rings 
of the rotor С and H. The other winding D E F of the stator 
was short-circuited through ammeters. The short-circuit rotor 
current produced for a given excitation with and without the 
winding D E F closed 15 shown in Fig. 2. In Fig. 3 is shown 
the single-phase short-circuit core loss with and without this 
winding short-circuited. The short-circuit current in winding 
D E ЕЁ agrecd very closely with the value expected, and conse- 
quently allowed the size of the squirrel-cage winding on the 
main alternator to be accurately determined. 

I agree with the author that this squirrel-cage winding forms 
a complete solution to the troubles experienced with single-phase 


1908] DISCUSSION AT ATLANTIC CITY 1699 


turbo-generators. In addition to the reduction in the core 
loss, it will be noticed from Fig. 2 that the reactance has been 
reduced to a very great extent, so that a machine with this 
type of rotor—apart from the ГР R losses in the squirrel-cage 
winding, which are small—can be wound to give the same 
output three-phase or single-phase with approximately the same 
efficiency and regulation. 

With regard to the second portion of the paper, the method 
of securing the stator coils, although apparently mechanically 
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sound, appears to be open to two objections: first, the difficulty 
of ventilation, although perhaps this may not be serious; sec- 
ondly, that the coils are set back a long way from the rotor. 
This location of the coils would tend to increase the self-induc- 
tion of the latter considerably, as, although the medium sur- 
rounding the coils is only air, still the area of the magnetic 
path for a machine such as the one described by the author 
13 very big, and it will probably be found that such a winding 
causes a considerably higher self-induction than a winding 
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which is brought out in the form of a barrel closely surrounding 
the end connections of the rotor. 

Chas. P. Steinmetz: Since the question of single-phase alter- 
nators has come up, I desire to call attention to another way 
of accomplishing the same result of operating a single-phase 
load on a big alternator, without the objectionable features of 
the single-phase machine. This way is by using a polyphase 
alternator, that 1s, making the machine polyphase and storing 
the energy of the quadrature-phase. 

The arrangement discussed by Mr. Waters is essentially a 
squirrel-cage winding on the field poles, or an equivalent thereto, 
in which currents are induced by the pulsation of the armature 
reaction, thereby giving the quadrature magnetomotive force, 
that is, the polyphase armature reaction. Theoretically, to 
effect this result completely would require a copper cross section 
in the squirrel-cage winding, or in the dampers, infinitely large 
compared with the armature section, as otherwise you get 
additional losses. If you give the dampers the same total sec- 
tion as the armature winding, to produce quadrature polariza- 
tion, it means that you get the same (or, at any rate, not greatly 
differing) losses in the dampers as in the armature; in other 
words, you about double the 12 К loss. 

This method, however, although it eliminates the pulsation 
of the field, and so also the losses in the field due to pulsation, 
does not eliminate pulsating strains on motor shaft and re- 
volving machine, because the power is still pulsating; and where 
you come to very low frequencies, of fifteen to ten cycles, in very 
large machines, such as have been proposed, the enormous 
pulsation between zero and maximum power may become 
objectionable. 

One way of eliminating this pulsation I will outline very 
briefly. Suppose you have a single-phase load of, say, thirty 
degrees lag, corresponding to average conditions of a single- 
phase railroad. Suppose you take a three-phase machine and 
put the load on one phase. Now, connect across another phase 
a reactive coil, to store the energy in the reactance. In the 
load the current lags thirty degrees behind the voltage, and 
the curve of power then 1$ pulsating with double frequency, 
with а maxtmum 15 degrees behind that of the voltage. The 
electromotive force in the reactive coil is lagging behind the 
electromotive force on the load by 60 degrees, being the other 
phase. The current in the reactive coil lags 90 degrees behind 
its electromotive force. and the power of the reactive coil being 
pulsating (or rather alternating) with double frequency, has a 
maximum +5 degrees behind the voltage—a negative maximum, 
corresponding to power return, +5 degrees ahead of the voltage. 
Now, vou sce what happens. As the voltage on the reactive 
coil lags 60 degrees behind the load. the negative maximum 
of power in the reactive coil, 45 degrees ahead of its voltage, 
coincides with the power maximum of the load, which is 15 
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degrees behind its voltage. Superimposing then the alternating 
power of the reactive coil on the pulsating power of the load, 
you get constant power; that is, on the alternator by such a 
combination you can get constant uniform polyphase load with a 
single-phase external load, by a reactive coil displaced in phase 
by 60 degrees, storing energy, and returning it in the singlc- 
phase system. 

If you look at the distribution of current, you will find that 
one generator coil carries only the load current, lagging 60 
degrees behind the voltage of this coil, or Y voltage; one gen- 
erator coil carries only the reactance current, also 60 degrees 
lagging behind the voltage of the coil; and the third coil carries 
the resultant of the load current, in phase with the coil, and 
the reactive current, lagging 120 degrees, so combining to a 
resultant current of 60 degrees lag. In other words, all three 
coils carry equal currents of equal phase displacements. In 
short, the machine becomes a perfect polyphase alternator, 
in armature reaction, in stresses, and in everything, but 1s 
storing power a part of the cycle, to return it into the single- 
phase system during the other part. 

This arrangement may be used occasionally, and may become 
necessary, if we have to come to the use of very low frequencies. 

W. L. Waters: Referring to Mr. Steinmetz's comments on my 
paper on single-phase generators: The system of balancing the 
load on a single-phase generator advocated by Mr. Steinmetz was, 
as a matter of fact, the first method which was suggested for over- 
coming troubles due to heating and loss of efficiency mentioned 
in my paper. Mr. Steinmetz's scheme is shown in the sketch. 
Phase А of a three-phase generator carries the single-phase. 
load, this load being usually that of a single-phase traction 
system. Phase B carries a choke coil, which at the full voltage 
of the machine has a charging current equal to the single-phase 
rated load of the generator and a power factor of 87 per cent. 
As Mr. Steinmetz has shown, if the current in the choke coil В 
is equal to the current on the loaded phase А, and if the current 
in phase А has a lag of 30 deg. behind its electromotive force, 
then the currents in the three phases of the generator will be 
equal in magnitude and in phase, that 15, the load on the gen- 
erator will be a perfectly balanced three-phase load. That this 
method of balancing the load on a single-phase generator 1s 
only of theoretical interest 1s at once evident when we consider 
that the load on such a single-phase generator varies continu- 
ally, both in magnitude and in power factor. If the choke соп 
В is adjusted so as to balance the generator when phase А 
carries full load and power factor of S7 per cent, then as soon 
as the load changes from this value and power factor, the ma- 
chine becomes unbalanced. If the load falls off to a very low 
value, then the generator will be as badly unbalanced and will 
heat just as much as it would if running on full single-phase 
load without the choke coil. Thus we can see that even if we 
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use such a choke coil, we would also require dampers on the pole 
faces when operating such a machine under the practical con- 
ditions of varying load. Such a choke coil can only be adjusted 
for one particular value of the current, and can only be ad- 
justed for one power factor— otherwise two choke coils must be 
used. Thus we can see that the choke coil would have little 
value in practice. It also has numerous disadvantages. As it 
loads all the phases of the generator, it thus decreases the 
latter's efficiency and raises its temy erature without increasing 
the output in any way. The cost of such a choke coil would 
be substantially equal to the cost of the generator, while the ad- 
dition of dampers only increascs the cost about 10 per cent. 
We have greater complication, more chance of breakdown, 
lower efhciency, and an arrangement which is only good for 
one particular value of the load and power factor. Thus I 
think it is not difficult to see why this choke-coil method was 
considered as being of only theoretical interest and as having 
no practical value compared to the simple, efficient, reliable, 
and universal method of applying heavy dampers to the ћеја 
magnets, as described in my paper. 


DT Fiy.1 


Mr. Behrend, begins by discussing the stresses in rotating 
disks and rings. The general statements made by him have 
been well known for the past twenty or thirty years, although 
there has not been any great necessity to apply them to elec- 
trical machinery, as high-speed units are only of comparatively 
recent date. A large number of approximate formulas have 
been worked out by various engineers for calculating the 
stresses in rotating disks and rings, most of them making 
various assumptions to simplify the problem. The most ac- 
curate of these formulas is the one given by Professor Ewing 
in his treatise on ‘ Elasticity’’. Mr. Behrend, however, 
evidently figured his curves given in Fig. 7 from some formula 
which is only roughly approximate, as they differ 10 or 15 
per cent from the stresses given by the most accurate formulas. 

The generator described by Mr. Behrend is a 6500-Ку., 
300-rev. per min., 12,000-volt, 25-cycle, water-wheel driven 
alternator. The speed of this generator 1s comparatively 
high for a large water-wheel driven alternator, but is of 
very moderate speed compared to steam-turbine driven 


1908] DISCUSSION AT ATLANTIC CITY 1703 


units, as there are a number of generators of this size operating 
to-day at 1500 rev. per min., that is, five times the speed of the 
generator described by Mr. Behrend. We can therefore see 
that the question of designing such a generator would not mean 
dealing with any new problems, but would simply mean choosing 
the design most suitable for this particular unit from a number 
of existing designs which have bcen thoroughly tried out. Mr. 
Behrend omits the electrical design entirely, merely giving us 
the performance of the machine; but he goes into the mechanical 
design in detail, and therefore I think we can assume that the 
latter is considered exceptionally good and that criticism 15 
invited. 

The construction adopted is a center disk of forged nickel 
steel without a hole in the center and with two forged nickel- 
steel rings, one on either side, and laminated poles dovetailed 
into the circumference. Before an opinion can be formed as 


Fig.2 


to the suitability of this construction, an idea must be obtained 
as to the distribution of stresses throughout the field structure. 
As thc stresses figured out considerably too high for conservative 
practice, the precaution was taken of having them checked 
before any opinion was formed. Considering first the tan- 
gential stresses in the disk, Mr. Behrend’s curves give approxi- 
mately the stresses in a disk of uniform thickness; but taking 
the disk used in this generator, as shown in Fig. 5, it will be 
seen that its thickness is by no means uniform. The side rings 
are registered into, and bolted to, the center disk, evidently in 
order that the center disk might strengthen the side rings as 
much as possible, and the result of this design 1s a disk virtually 
324 in. wide at the circumference and thinned down to 4 in. at 
the center. We see from Mr. Behrend’s curves that even in a 
disk of uniform thickness the maximum stress in the disk is at 
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the center, and in this machine we have 4 inches in the center 
of the disk carrying the maximum stress due to the 324-in. rim, 
and the poles. The stress at the center of the disk at 500 rev. 
рег min. figures out about 35,000 lb. per square inch, which is 
more than double the stress in the rim. From the drawing we 
see that the shaft is registered into the disk at the center, and 
that in order to accomplish this registering the thickness of the 
disk has been reduced to about one-third, this thinning down 
being done by approximately right-angle variations in the 
thickness of. the disk. The result of this design is that the 
stresses as estimated above are by no means uniformly dis- 
tributed, and will probably run up considerably higher than 
the estimated 35,000 Ib. per square inch around the sharp 
corners in the disk. It is moderately certain that the center of 
the disk 1s stressed in parts above the elastic limit, and that the 
metal stretches locally to allow other parts of the disk to assist 
in carrying the stress. The tangential stress in the side rings 
figures approximately 20,000 Ib. per square inch. 

The above estimated stresses are all figured at 500 rev. per 
min. and assume that there are no original shrinkage stresses 
in the disk and rings. Assuming that the disk and rings аге good 
forgings, these shrinkage stresses should not be very great, but 
it is extremely improbable that there are not shrinkage strains 
of some sort in such large forgings. Test pieces show, of course, 
nothing in regard to shrinkage stresses in the material and 
merely show what the metal will do under the best conditions. 
The writer has known of castings ш which shrinkage stresses 
of 25,000 Ib. per square inchYhave remained even after an- 
nealing, and 1t 1s quite probable that the shrinkage stresses in 
these nickei-steel forgings are large. Assuming that there are 
such shrinkage stresses, 1t would easily be possible for the 
total hoop stress at some part of the disk to be greater than the 
ultimate strength of the metal. Thus it is decidedly doubtful 
whether the disk and rings are strong enough to stand the tan- 
gential stresses due to rotation at 500 rev. per min. 

Considering next the stresses in the dovetails, the bending 
stresses tending to break the dovetail across the section А В 
can only be figured approximately. Making the most favor- 
able possible assumptions, the stresses at 500 rev. per min. 
figure out about 45,000 Ib. per square inch at the point А. 
But with a laminated pole and taper wedges, we cannot assume 
that the stress due to the centrifugal force of the pole is uni- 
formly distributed along the length and width of the dovetail. 
Also, the overhanging end winding on the pole puts a greater 
stress on the corner А than it does on the center of the dovetail; 
and the fact that the corner А of the dovetail slot in the spider 
has a comparatively small radius again increases the stress, 
and may increase it to very high values. If these unfavorable 
features are neglected, the stress on the dovetail figures out as 
given above, but taking them into account we find that the 
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stresses may run up to 150,000 Ib. or 200,000 Ib. per square inch 
at the same speed. Of course, the exact extent to which these 
unfavorable features increases the stresses cannot be decided, 
but it is very probable that the actual stress on the dovetails 
at 500 rev. per min. is above the ultimate strength of the ma- 
terial. All of this analysis of the stresses assumes, as in the 
case of the disk and rings, that there are no shrinkage stresses 
or local flaws in the forging. If there were such bad places, 
the complete wheel would not be sate even at a lower speed. 

It would be difficult to bring the stresses in the dovetails 
down to a safe working limit; and their intensity in this ma- 
chine merely confirms the general impression of engineers that 
the magnet construction in which complete individual poles are 
dovetailed into a spider cannot be built successfully in such 
large high-speed machines. The difficulty of accurately fitting 
the dovetails and the difficulty in estimating the exact stresses 
in them make it necessary to abandon them in favor of some 
construction which does not possess this disadvantage. 

Considering everything, I think it 1s extremely probable that 
we would find that the disk and rings had been strained locally 
above the elastic limit even at the normal speed of 300 rev. 
per min., and if we were to run the machine at this speed and 
then shut down and gage the disk and rings all over we would 
find that there were evidences of local permanent distortion. 
Inasmuch as Mr. Behrend has so carefully pointed out that the 
maximum stresses in the disk are at the center, and since the 
thickness there could be increased five or six times without any 
change in overall dimensions, it hardly seems logical to thin 
down the disk to such a small section. 

The design of the 6500-kw. alternator described in Mr. 
Behrend's paper can hardly be considered as a conservative one 
or one which it is desirable to duplicate, and I think Mr. Behrend 
is hardly justified in his statement that the design is “ elegant 
and mechanically superior. ” 

Chairman Armstrong: Mr. Већгепд, do you wish to reply to 
Mr. Waters's remarks? 

B. A. Behrend: I have nothing to say. 
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DiscussioN ох ' Tug GENERAL EQUATIONS OF THE ELECTRIC 
CincUIT." ATLANTIC City, М. J., Jury 2, 1908 
(Subject to final revision for the Transac‘tons.) 

Frederick Bedell: It is unnecessary to dwell upon the great 
value of the work of Dr. Steinmetz in this and other papers. 
It might be proper that this paper be presented at one con- 
vention and discussed at another, a year or two later. The in- 
creasing value of the work of Dr. Steinmetz impresses me more 
and more, and looking back over his writings of ten or twelve 
years ago we find that to-day manv of them are of even greater 
value than when they were written 

There is one thing to be noted particularly in this paper, and 
that is that Dr. Steinmetz has continually called attention to 
the physical significance and practical meaning of his results. 
We do not always find this careful rounding out of a paper. Not 
long ago, in looking over a mathematical paper on a subject in 
which I was interested, I was much disappointed to find that the 
paper stopped abruptly, and I was unable to find out what was 
the author’s conclusion. 

On account of the nature of this paper of Dr. Steinmetz, we 
can make only a few casual comments, which bring out nothing 
new. When we impress an electric impulse upon a circuit, 
we have a wave going in each direction; each wave keeps going 
around and around the circuit, until it dies out, and each time 
it goes around the circuit it gives us one of those terms in the 
serics, Which are added up as Mr. Steinmetz has here done. 

There is a physical feature to which attention might be called. 
We are most of us in the habit, when considering an ordinary 
alternating-current circuit, of thinking that the current in a 
serles circuit 15 the same in all parts of the circuit, which 1$ 
correct when there is no distributed capacity. In a circuit. with 
distributed capacity, however, the current 1s not the зап:е in 
all parts of the circuit; if we consider some point, P, in the 
circuit, the current may be going towards that point from 
both directions—a condition which we never have in a 
simple circuit without distributed capacity. This means that 
we are having electricity accumulated at that point. The point 
P, however, is not stationary, but travels along. We can think 
of this easier by analogy—by an hydraulic analogy. Considering 
first a pipe which 1$ not flexible, an iron pipe, in which flows 
water which is not compressible; # we have a certain flow of 
water in one part of the pipe or circuit we have that same flow 
in all parts of the circuit. This construction illustrates the 
circuit without distributed capacity. Now let us consider, in- 
stead of a cast-iron pipe, а. flexible rubber hose, and cause a 
serics of impulses (as with a plunger) in the hose at one end; 
as a result of each impulse the hose will swell, and the 
swelling wil travel along. Following the swelling there 
will be a contraction. Wherever there is a swelling, the water 
may be flowing from both directions towards the swelling; 
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and then it immediately flows away from the point and makes 
the hose contract. There is first a surplus and then a deficit 
of water (or electricitv) and these are transmitted along the 
hose (or circuit). 

Dr. Stcinmetz called attention to the rates of decay, one with 
respect to time and the other with respect to distance. Suppose 
we have the impulses of different frequencies, or a complex wave 
which can be analyzed into the different component frequencies. 
These different frequencies, according to the equations of the 
paper, will be found to have different rates of decav; this is 
discussed in Chapters 12 and 13 of Bedell and Crehore's Alter- 
nating Currents. This means that if we have a complex wave 
impressed upon the circuit, the different components get to 
the receiving point at different times; one of them may get there 
a hundredth part of second later than another, so that when 
they combine again into the resultant wave the wave form 
at the receiving end of the circuit and the wave form at the 
sending end of the circuit will be different. In power trans- 
mission this is ordinarily insignificant. When applied to tele- 
phony this change in wave form becomes significant, and these 
equations explain the distortion of speech on telephone lincs, 
a case which has already been worked out in detail by Dr. 
Pupin. 

Dr. Steinmetz speaks of the reflected wave. I would like to 
ask him whether he considers there is any reflected wave in a 
uniform circuit, in which there are the positive waves going 
around the circuit in one direction, and the negative waves 
going around the circuit in the other direction. 

Dugald C. Jackson: The equations which Dr. Steinmetz have 
deduced are finely developed, comprehensively organized 
offsprings of the equation which was devised by Lord Kelvin 
in the first davs of transatlantic telegraphy to analyze the 
problem of transmission of electric signal pulses through 
ocean cables of negligible self-induction. That equation was 
fertilized and hybridized Бу Heaviside until it could be 
applied to the problem of the transmission of telephonic speech- 
currents in circuits of uniformly distributed resistance, sclf- 
induction and capacity. Dr. Steinmetz has taken a third great 
and important step in developing equations which are applicable 
to complete circuits composed of sections of diverse characters 
and which also take adequate account of the terminal conditions 
Or apparatus. The paper deals with the offspring of old friends 
in the clectrical science, but the offspring are much more com- 
prehensive and fully developed than the parents. 

It has been usual to refer to a vibrating wire as a mechanical 
analogue of an clectric circuit in either forced or natural electric 
oscillations,—that is, either when it is required to act under im- 
posed pulsations or when stimulated into action and then left 
to carry out its own sweet will A uniform wire however does 
not afford an illustration of the usual electric circuit of practice. 


1708 ELECTRIC CIRCUIT EQUATIONS [July 2 


An electric circuit 1s ordinarilv made up of sections of diverse 
electrical characters. Some of these sections mav be long and 
some тау be short, but thev are almost inevitablv found in the 
circuits of practice and their diversity of character robs the 
uniform wire of its usefulness as an analogue. We must there- 
fore abandon the uniform wire for our analogue and take up 
a wire composed of sections of diverse character welded end to 
end. Sections of small resistance тау be thought of as vibra- 
ting in air, others of higher resistance must be thought of as sur- 
rounded by molasses or other liquid of a density to correspond 
at each section with the desired resistance. In certain sections 
may be injected a large mass or inertia to represent high self- 
induction, and the elasticity from section to section must be 
adjusted to correspond with the desired electrostatic capacity. 
When this wire made up of diverse sections of appropriate 
characters is attached to abutments of suitablv adjusted elas- 
ticity and inertia it affords a true analogue of electric circuits 
of practice; but the analogue has become too complex to be 
illuminating. I have not found it possible to foresee the re- 
actions that will occur in each section when a disturbance of 
particular character is put on such a wire by external means. 
Moreover, although uniform vibrating wires or plates, or loaded 
wires giving the semblance of uniform wires, have been pro- 
lifically treated in mathematical works, I have never observed 
a treatment adequate to predetermine the reactions in any 
wire Of diverse sections. Dr. Steinmetz has now come to us 
with the formula for the electric circuit itself, which not onlv 
makes the analogue of less need but also probably at the same 
time gives the solution of the analogue. 

The paper is reassuring and encouraging to the man who has 
only looked at it hastily, in that the simpler results set forth 
in 1% correspond with the phenomena that we know actuallv 
occur. For instance, as far as the telephone circuit is concerned, 
the effects of “ loading " that Dr. Steinmetz sets down cate- 
gorically as deductions from his equations, are those that are 
known to occur in the telephone circuit. Thus, it is known 
that leakage up to a certain degree and under certain con- 
ditions assists transmission of speech in a telephone circuit or 
the transmission of signals through an ocean cable, but that an 
excess of leakage bevond a point fixed bv other conditions makes 
transmission worse. It is also well known that “loading ” 
a telephone circuit under certain conditions materially improves 
the transmission of speech, but a line loaded to give admirable 
transmission with low leakage mav afford poorer transmission 
than an unloaded line if the leakage becomes large. For in- 
stance, a particular loaded aerial open-wire telephone line mav 
be good to talk over in clear weather, but let the weather get 
bad and the leakage become large and the loaded line is fright- 
ful to talk over; whereas 100 miles, or 150 miles of loaded under- 
ground line gives admirable transmission in all sorts of weather, 
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because the leakage and other constants of such a line do not 
vary with the weather. "That 1s the deduction Dr. Steinmetz 
draws from his equations. He doubtless knew these facts in 
advance, but thev are demonstrated in his equations; and it is 
assuring to find that the equations do tell the truth in these 
simple matters, as this truthfulness supports a reliance upon 
their accuracv in more complex matters. 

As an illustration of the fact that this paper carries us beyond 
what has been heretofore our frontier of knowledge, I will point 
out that the equations apparentlv enable us to understand the 
effects of terminal conditions on the action of circuits. Аз far 
as telephone analvsis has heretofore gone, it has almost solelv 
related to uniform circuits or to loaded circuits which are brought 
to the condition of substantially uniform circuits. The equa- 
tions heretofore have not been able to cope successfully with the 
difficulties of the complete circuit including the complexities of 
terminal conditions, and the conditions of the telephone receiver 
and transmitter have been omitted from mathematical con- 
sideration or merely approximated. I believe that great ad- 
vances in intercommunication by the telephone and telegraph 
are yet to come about from improvements of terminal con- 
ditions, and not so much from further improvements in the knowl- 
edge of line conditions. These equations of Dr. Steinmetz ap- 
parently lay the foundation for study of terminal conditions 
that may result in the improvements to which I refer. 

I am now going to diverge for a moment and go back to a 
point to which I referred on Tuesday; and that is the tremen- 
dous increase in output of what 15 often called “ pure " science 
which now accompanies the advance of engineering. This paper 
illustrates the point. Formerly, engineers were followers of the 
men of scientific research, and the men of scientific research 
looked with some disdain upon men of the engineering indus- 
tries. At the present time the engineers have caught up with 
and absorbed pretty much all of the accumulated output of the 
pure scientists, and they quickly absorb the current output 
as fast as it comes along. То’Кеер the output in pure science 
(especially in physics and chemistry) abreast with the advance 
of the engineering industries, the engineers themselves have 
been forced to enter the field of pure research and their product 
must be recognized as unexcelled bv that of the so-called 
pure scientists. 

Dr. Steinmetz has set out in his paper a number of pronounced 
facts, and some of them illustrate how truth, when it is presented 
to one plainly, seems so common-sense and persuasive as to be 
almost axiomatic. For instance, Dr. Steinmetz calls attention 
to the fact that '' The oscillation of a circuit, which is open at 
one end, grounded at the other end, 1s a quarter-wave oscilla- 
tion, which can contain onlv the odd harmonics of the funda- 
mental wave of oscillation." Не further says '' The oscillation 
of a circuit which is open at both ends, or grounded at both 
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ends, is a half- wave oscillation, and a half-wave oscillation can 
also contain the even harmonics of the fundamental wave of 
oscillation, and so also the constant term, for n = (0 in (78)." 
That 1s to sav, one can get a very erratic wave (compared with 
a sine alternating wave) when one sets up oscillations, and oscilla- 
tory waves nced not be alwavs of symmetrical half-pulses. 
The view that 15 commonly taught ш the classroom explains 
the facts only partially. In another place there is stated a very 
interesting and very striking thing. After having studied some 
familiar equations we find the statement that '' the wave shape of 
the oscillation remains unchanged during the decay of the oscilla- 
tion." Then another very striking thing 1s found, where it is 
pointed out that ' the wave docs not die out in each section at 
the rate as given by the power consumed in this section, or in 
other words, power transfer occurs from section to section, during 
the oscillation of a complex circuit." I do not think that this 
had come to my mind before it was pointed out to me bv Dr. 
Steinmetz. It seems а fact of great significance. 

There are a number of other similar, clear-cut, categorical 
statements in the paper, which make it interesting to read even 
to one who does not undertake to go through the equations one 
by one for the purpose of getting more in the way of facts 
out of them. 

Finallv, I wish to congratulate Dr. Steinmetz upon the 
directness of the attack with which this paper gocs at its ob- 
ject. The studies that have heretofore been made on this 
subject have been more or less of a roundabout siege. The 
direct assault, when it can be made, though sometimes imposing 
greater hardship on the attacking рабу, ordinarily brings 
greater results than a siege; or, at least it brings, аз a rule, 
results that ате more immediately and broadly useful. Dr. 
Steinmetz has becn able to make successfullv a direct attack 
upon the characteristics of a circuit that varies in character 
throughout its length. His processes are as novel as they are 
interesting, and I wish again to congratulate the Institute 
on receiving this demonstration of the great results that can 
follow a direct attack bv mathematical analvsis. 

Н. L. Wallau: I would like to ask Dr. Steinmetz one ques- 
tion. He mentions a voltage transformation at the transition 
point. If I am not mistaken he told us that at that transition 
point there could be but one frequency, the same on each side 
of the point, because the end of each section being the same 
point as the beginning of the next, the frequency was the same. 
If a voltage transformation occurs, can there be two voltages at 
the transition point? How docs the transformation take place? 

Chas. P. Steinmetz: As regards the retlected wave in a uniform 
circuit, the question Dr. Bedell brought up; 1f vou had a perfectly 
uniform circuit without terminal points—a closed circuit—we 
could imagine a wave without reflected wave, going around and 
around, provided we could produce such a wave. I cannot, how- 
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ever, at present see any possibility of producing such a wave, since 
any impulse or any action on the closed circuit would naturally 
produce two waves running in opposite directions from the 
starting point, and then either of these could be considered 
as the main wave, the other as the reflected wave. But in 
general when dealing with uniform circuits we have terminal 
points, because aithough the uniform circuit with terminal points, 
such as a line open at both ends, is not of very great practical 
importance, a perfectly uniform circuit without terminal points 
—that is, the line closed on itself at both ends— does not appear 
feasible from a practical standpoint. 

As to the questions asked by Mr. Thomas, I think there is 
a misunderstanding. If we consider a circuit, with the gen- 
erator on one end, the load on the other end, the main wave 
decreases from the generator toward the load, while the re- 
flected wave decreases from the load toward the generator. 
That is, looking at the waves in the same direction of the circuit, 
from the generator toward the load, the one wave decreases, 
the other increases with the distance. However, in treating 
of waves increasing or decreasing with the distance, I always 
consider them in the direction of propagation, which in the 
reflected wave is opposite to that of the main wave. 

Considered in the direction of propagation, the character of 
the reflected wave thus 1s always the same as that of the main 
wave, either increasing with the distance or decreasing with the 
distance. The two component waves of the general equations, 
that which decreases with the distance, and that which increases 
with the distance, thus can not be a main wave and its reflected 
wave, but each of the two component waves comprises a main 
wave and its reflected wave. 

Regarding the transformation of current and voltage at a 
transition point, this is a very interesting subject, deserving a 
far more extended discussion than was fcasible in the paper. 
On the two sides of the transition point the resultant currents 
must be equal, and so also must be the resultant voltages. 
These however are the resultant of several waves, the main waves 
and the reflected waves, and the transformation ratio applies 
to the individual waves. Thus, at one side of the transition 
point the main: wave and the reflected wave differ frem those 
on the other side of the transition point by a constant factor, 
the transformation ratio, but at the same time the phase-angle 
on one side differs from that on the other side in such a man- 
ner that the resultant of main and reflected waves is the same 
at both sides of the transition point. As seen, this feature 
connects the phase-angles on the two sides of the transition 
point (hence the law of refraction) with the transformation ratio. 
For instance, if on one side the main wave and the reflected 
wave are much greater than on the other side, thev are more 
nearly in opposition on the former side than on the latter, and 
therefore give the same resultant. However, as the phase-angle 
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changes from point to point in the circuit, at some point, distant 
from the transition point, the main wave and the reflected wave 
are in phase with each other. The resultant is then their sum, 
and higher on the side where the individual waves are higher, 
Hence the maximum values, of the wave-crests in the circuits 
on both sides of the transition point, have to each other the 
transformation ratio of the transition point (multiplied by the 
decrement of the circuit between transition point and wave 
crest). Thus, when transforming up at a transition point, at 
this point the voltage remains the same, but the higher voltage 
appears at the next wave-crest. 

W. S. Franklin (bv letter): I have found Mr. Steinmetz’s 
paper on the General Equations of the Electric Circuit to be 
уегу instructive, and what I wish to sav in discussing the paper 
relates chiefly to a method for discussing electric-wave motion 
which is due to Heaviside. Some time ago, in reading a treatise 
on optics by one of our leading specialists on that subject, I 
came across this statement: “ To prove that any phenomenon 
is due to wave motion, it is sufficient to show (1) that it 1s pe- 
riodic, and (2) that it is propagated with a finite velocity ”, 
and immediatelv there came into my mind the 1dea of bullets 
from a Gatling gun, which are periodic and which are propa- 
gated with a finite velocity. The fact of the matter is that the 
idea of periodicity has been too much used in the discussion of 
wave motion. The wave pulse involves all of the import- 
ant actions of wave motion, except that action which serves 
as a basis for the theory of the dispersion of light,* and the 
physics of wave motion тау be developed in the simplest pos- 
sible manner by considering the behavior of wave pulses; for 
it 1s certainlv true, as Heaviside savs, that the phvsics of wave 
motion 1s presented in its simplest aspects in a wave pulse, 
whereas the mathematical formulation. of the wave pulse 15 
extremely complicated. On the other hand, the physics of the 
wave train (a periodic succession of similar waves) is extremely 
complicated, and its mathematical formulation is fairly simple. 

I have recently been engaged in the preparation of a paper 
on electric-wave motion on transmission lines and on the electric 
oscillation of transmission lines, and a few abstracts from this 
paper will serve to illustrate the point of view of Heaviside. 

Fig. 1 shows a transmission line, initially open at both ends, 
one line being positively charged, the other negatively charged— 
both uniformly. The end of the line is suddenly short-circuited, 
a current is suddenly established at the end of the line, the 
charges on the wires disappear, and a wate sheet W travels in 
the direction of the arrow V, wiping out the electric field and 
charges completely and establishing the magnetic field and cur- 
away from the reader. When the wave sheet И” reaches the 


* The simple wave trains constituting the parts of the solar spectrum 
which is formed by a prism are produced bv the prism and do not exist 
as such in the complex waves which enter the prism from the sun. 
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rent as it travels along. The lines of force of the magnetic field 
are represented by the dots and the magnetic field is directed 
open end of the line, the energy, which initially was electric, 
has been wholly converted into magnetic energy; the current, 
which has the same value over the whole line, is then suddenly 
reduced to zero at the open end, and, in being reduced to zero, 
it builds up a reversed charge and a reversed electric field at 
the extreme end of the line; and a wave sheet travels in a reversed 
direction along the line, wiping out magnetic field and electric 
current and laying down the reversed electric field and charge. 
When this wave sheet reaches the short-circuited end of the 
line, the line is uniformly charged (with zero current every- 
where). The charge then suddenly disappears at the short- 
circuited end of the line, establishing a reversed current and 
a reversed magnetic field both of which are established by a 
wave sheet which travels towards the open end of the line. 
When this wave sheet reaches the open end of the line, the re- 
versed current is suddenly reduced to zero at the open end, a 
wave sheet travels back to the short-circuited end and re-estab- 


– + + + + + + + + + + — — > 


short-circuited 
ШШ end of line 


Fic. 1 


lished the initial charge and initial electric field, so that when 
this wave sheet has reached the short-circuited end of the 
line, the entire system 1s in its initial condition and the line has 
performed one complete oscillation. Line resistance is ignored 
in this discussion. 

Fig. 24 represents a generator delivering current over a line 
of negligible resistance to a receiver of negligible resistance (the 
svstem is short-circuited). The receiver end of the line is sud- 
denly opened, the short-circuited current is suddenly reduced 
to zero at the opened end, and, in being reduced to zero, builds 
up an electric field between the lines and charges the lines, as 
shown in Fig. 2B (voltage assumed not to rise to a su'iciently 
large value to break across from line to line). The short-circuit 
current (and the magnetic field which corresponds to it) 15 
wiped out by a wave sheet W’’’, and the electric field and charges 
are laid down by this wave sheet which travels towards the gen- 
erator. А complete cycle of oscillation may easily be traced 
very much as in the case of Fig. 1. 

А battery 15 suddenly connected to one end of a transmission 
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line as shown in Fig. 34, the other end of the transmission line 
being open. A wave sheet W” shoots out from the battery end 
of the line establishing a current in the line and magnetic field 
between the lines, and also establishing electric charges on the 
lines and an electric field between them, as shown. When the 
wave sheet И” of Fig. ЗА reaches the open end of the line, the 
current in the line is suddenly reduced to zero, and in being re- 
duced to zero builds up a doubled charge and doubled elec- 
tric field as shown in Fig. 3B, this doubled charge and doubled 
electric field being established by a wave sheet IWW” which travels 
back towards the battery end of the line. А complete oscilla- 
tion of the line may casily be traced in this case, as ш the case 
represented in Fig. 1. 

A very interesting case is the establishment of current in a 
long transmission line, short-citcuited at the far end, when a 


of line 


D 


battery 1s connected to the near end, resistance being neglected. 
А wave shect shoots out from the battery as represented in Fig. 


34 (I-E VE , where L and C are line inductance and line ca- 


И 


pacity per sb of length, respectively, E is the voltage of the 
battery, and J is the current in the line behind the wave sheet). 
When this wave sheet rcaches the short-circuited end of the 
line, the electric field between the wires drops to zero at the 
extreme end and the current rises to 2 7, and this doubled cur- 
rent and zero voltage is established over the whole line bv a 
wave sheet which travels back towards the battery end. When 
this wave sheet reaches the battery end, the whole action 1s re- 
peated ox top oj the existing short-circuit current 2I. That is to 
sav, a current 31 and battery voltage / are established over 
the whole line by a wave shect which shoots out from the bat- 
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tery, and when this wave sheet reaches the short-circuited end 
of the line, a current 4 Г and zero voltage are established over 
the whole line by a wave sheet which travels back towards the 
battery end. And soon. The action is preciselv analogous to 
the surging motion of a frictionless railroad train which gets under 
way under a constant locomotive draw-bar pull. At the be- 
ginning, the constant pull establishes a certain velocity Z which 
trave's backward until it reaches the caboose; then the stretched. 
coupling springs jerk the caboose forward and a velocity 21 
is established which travels forward until the whole train 15 
moving at velocity 2 J with coupling springs entirelv freed from 
stress; and then this process is repeated on top of the existing 
velocity 2 І. 

A stretched string, А B, Fig. 4a, is pulled to one side at the 


open end 
of line 


open end 
of line 


Fic. Зв 


point P; the water at one end of a canal C D is held uniformly 
elevated and the water at the other end uniformly depressed 
by a gate at the center of the canal; a transmission line, E F, 
open at both ends and broken at the middle, has two batteries 
connected as shown, thus producing an upward electric field 
between the wires at one end of the line and a downward electric 
field between the wires at the other end of the line. The three 
diagrams on Fig. 4B represent the state of affairs when the initial 
disturbances which are represented in Fig. 44 are released. 
When the point P is released the middle portion of the string 
gets into motion at a uniform velocity and is entirely relieved 
from the stretch due to the distortion, which is represented 
dn A B, Fig. 4a. The middle portion of the water in the canal 
immediately settles to its normal level and is set in uniform 
motion as represented in the diagram C’ D’. When the switches 
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in ЕР, Fig. 44, are closed, the charge near the middle of the 

line disappears, and а uniform current (and magnetic field) is 

established as shown in the diagram F’ F”. А complete cycle 

of oscillation may easily be followed in each case. 
e 

" | 
6 
» 
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The parer which I am preparing on electric-wave motion is 
devoted (1) to the establishment of clear ideas of the phvsical 
action. which is involved in the electromagnetic wave; (2) to 
the discussion of a great varlety of special cases; and (3) to the 
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modification of the results so reached by the effects of line re- 
sistance and line leakage. I wish to call attention to the ex- 
tremely simple discussion of electromagnetic waves which is 
to be found in the first volume of Heaviside's Electromagnetic 
Theory, pages 306 to 455, in which the fundamental ideas of 
electric-wave motion are developed on the basis of negligible 
attenuation. (due to resistance of line and leakage between 
wires), and the effects of line resistance and line leakage are then 
described in extremely simple terms as a diffusion phenomenon 
modifving the results that are arrived at in the first instance. 
I know of no discussion of electric waves more edifying than 
this of Heaviside's. It would be misleading, however, if I did 
not mention the fact that throughout the second volume of 
Heaviside's Electromagnetic Theory the mathematical formula- 
tion is based, as it must be, upon exponential and periodic 
functions very much as Dr. Steinmetz has developed it, and that 
the mathematical formulation of the wave pulse is accomplished 
by the aid of Fourier's integrals. Such methods must be used 
if one is to arrive at numerical results, but I think that a clear 
conception of anv physical phenomenon is a thing without 
which no one can make use of numerical results, or even be 
lcd to seek fer them. : 
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DISCUSSION ON ‘“ AN IMPERFECTION IN THE USUAL STATEMENTS 
OF THE FUNDAMENTAL LAW OF ELECTROMAGNETIC ÍN- 
DUCTION.” ATLANTIC City, М. J., Jurv 2, 1908 
(Subject to final revision for the Transactions.) 

George A. Campbell (by letter): The very simplicity of the 
facts and principles which Maxwell stated is, apparently, 
the reason for their being overlooked in the present discussion. 
The points requiring restatement seem to be the following: 

1. Electric currents and magnetic lines of force are both 
closed. This statement is true irrespective of whether the elec- 
tric conductors and magnetic cores are open or closed. The 
current is determined by the integral electromotive force around 
the circuit, and thus any experimental measurement of the 
current gives us the total and not the localized electromotive 
force. An exact statement of fact must then relate only to the 
integral values for the entire closed circuit; accordingly, Max- 
well's statement (Vol. II, paragraph 541) is in terms of these 
integral qualities: 

““ The total electromotive force acting round a circuit at any 
instant 1s measured by the rate of decrease of the number of 
lines of magnetic force which pass through it.” 

This is the fundamental statement of fact, as distinct from 
theory, in electromagnetic induction. 

2. As the current and the lines of force are invariably closed, 
it follows as a mathematical necessity that the rate of cutting 
of lines of force by the circuit 15 equal to the rate of change in 
the number of lines of force through the circuit. Maxwell ex- 
presses this (Vol. II, paragraph 5411) as follows: 

‘Tf, therefore, the number of lines which pass through a 
conducting circuit is made to vary, it can only be by the cir- 
cuit moving across the lines of force, or else by the lines of 
force moving across the circuit. In either case, a current is 
generated in the circuit." 

The ordinary ‘‘ cutting of lines of force " statement is thus a 
derived law and involves something more than the experimental 
facts. This addition may be merely the mathematical theorem 
that for any closed circuit the integral result of the '' cutting ”’ 
statement is the same as that of the “ flux " statement; or it 
may also include, consciously or unconsciously, the hypothesis 
that the induced electromotive force is physicallv and locally 
associated with the cutting of the induction. However natural 
it may have been for Faraday to localize the induction at the 
point where there was cutting of the lines of force, it is evident 
that this was theory and not experiment, for the experimental 
facts may be accounted for on the hypothesis of action at a 
distance. If Faraday's theorv rather than Faraday's experi- 
ments is made the starting point, then, of course, '' cutting of 
lines of force ”' is fundamental and the flux statement becomes 
the derived law. 

3. The law of induction applies to circuits in non-conductors 
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as well as to circuits in conductors. One of the most important 
applications of the law is to the free ether, where no materials 
are present. Mr. Hering's restriction to conductors would 
therefore be perfectly arbitrary and extremely inconvenient. 
Where the conductor is not closed the circuit 15 always completed 
through the dielectric. The induction in the dielectric must 
always be borne in mind. 

4. It is self-evident that the fundamental statement of the 
law of induction applies to a linear circuit and that it can be 
extended to a circuit having a finite cross section only after the 
system has been resolved into infinitesimal filaments. This 
principle is an elementary one in applied theory, but its recog- 
nition eliminates all difficulty in the application of the flux 
statement to Mr. Hering's " crucial" experiment. Thus the 
sketch shows the springs in the process of sliding over the 
magnet which is resolved into a network of conducting fila- 
ments. As it is found to be immaterial how this resolution 1s 
made in the present case, a simple illustrative network is all 


that is attempted in the sketch. In the experiment, all of the 
induction passes through the iron and none of it through circuit 
1. Motion of the springs does not change the number of lines 
of force threading circuit 1 or circuit 2 or any of the remaining 
17 circuits. Therefore, the integral electromotive force around 
each circuit is zero; and no currents can flow; hence the ex- 
perimental result. 

5. When it is possible to state a law in more than one way 
it is ordinarily true that the application of the law to different 
problems will be facilitated by the choice of different forms of 
the law, and that this is the case with the law of induction 
is not surprising or significant. As Mr. Hering happened ona 
unipolar experiment he found thé cutting statement more con- 
venient, as have others before. Had he happened upon an 
experiment involving toroidal coils or slotted armatures he 
would presumably have advocated the flux statement. 

6. Mr. Hering’s new machine is actually a unipolar dynamo. 
Faraday in his machines, preferred to make both the cutting of 
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lines of force and the sliding of contacts perfectly uniform; 
this condition seems to be the ideal one and it 1s now being found 
to be commercial. Obviously this particular arrangement 1s 
not necessary. This is Mr. Hering's machine, while the in- 
duction cut by each spring is (on the whole) in one direction 
throughout the motion, the cutting and the sliding of contacts 
are made intermittent and alternate with each other. The 
expectation aroused at the beginning of Mr. Hering's paper 
that the limitations of the magnetic induction machine were 
about to be extended meets with disappointment. It still 
remains true that for a direct-current machine magnetic 
induction alone 1$ not sufficient; sliding contacts, a commutator, 
a variable resistance or some other auxiliary device 15 necessary. 

To summarize: The '' flux " law 15 a literal statement of the 
observed facts of electromagnetic induction and enables the 
results to be predicted in any case whatsoever. The unipolar 
induction experiment described by Mr. Hering presents no ex- 
ception to this rule and throws no new light upon the subject. 
The “cutting of lines of force ” statement may be regarded either 
as a mathematical substitute for the “ flux ” statement, oras a 
theory localizing the observed action. Both statements of the 
law are useful in practice. 

Tracy D. Waring (by letter): Any great generalization when 
concisely worded is a likely cause of misapprehension. The novel 
and ingenious experiment by which Mr. Hering links and un- 
links magnetic flux into and out of an electrically closed con- 
ducting circuit without producing any inductive effect should 
go far towards removing a prevalent misunderstanding or mis- 
interpretation of the law which for brevity we may term the 
Linkage Law of electromagnetic induction. | 

In considering some of the questions raised by Mr. Hering, 
it would seem appropriate to call to mind the physical concep- 
tions as to the nature of electromagnetic induction from the 
point of view of electromagnetic theory. 

In any circuit undergoing electromagnetic induction, the 
electromotive force produced in that circuit 1s due to, or rather 
owes its existence to, the electric intensity! developed at some 
or all of the points of the circuit. The seat of the electric т- 
tensity (electromagnetically produced) can only be at that place 
in a medium where the magnetic field 15 in some way changing 
relatively to the medium, so we may perhaps describe electro- 
magnetic induction thus: Consider any point of a medium in 
which a magnetic field is sustained; then electromagnetic in- 
duction, if it exists there, may be described as the production 
of an electric intensity, at the point considered, by a change in 
the magnetic field at that point. 

If this statement be true, what shall we understand by a 
change in a maenetic field at a point? How is such a change to 


1. Also variously termed electromotive intensity, electric force, and 
intensity of electric field. 


— 
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be specified and by what physical conception may we picture it? 

An adequate answer to these questions, if such be possible, 
would involve a complete physical theory of the ether and matter, 
a problem so profound and vast that the considerations here pre- 
sented have by comparison but slight significance. These con- 
siderations are ventured, however, as laying stress on a certain 
aspect of the common conceptions relating to electromagnetic 
induction. 

Taking the case of a magnetic field in an isotropic medium 
having unit permeability (that 1s, a medium in which the mag- 
netic intensity and the magnetic induction are numerically identi- 
cal), how shall we describe a change of the magnetic state at a 
point in sucha medium and the related electric state or electric 
field accompanying the change of magnetic field? The magnetic 
field has at everv point intensity and direction, either or both 
of which may change. А change of magnetic intensity at the 
point will suffice to produce an electric intensity there, the di- 
rections of the electric and the magnetic intensities being so 
related as to be at right angles to each other. But that 15 not 
all. Both the magnetic intensity and its direction may remain 
constant and yet some change in the magnetic field may take 
place, at a point in the medium, that will produce an electric 
intensity there. Relative motion between the magnetic field 
and the medium will do this. Such relative motion then also 
represents a change in the magnetic field at а point. 

But how shall we picture such motion? Consider any point 
or points of a medium in which a uniform magnetic field is sus- 
tained. Conceive, if you can, a relative translational motion 
of the uniform field with respect to the point or points fixed 
in the medium. The magnetic intensity and its direction are 
everywhere constant, and no instrument fixed in the medium 
and indicating only intensity and direction would give any in- 
dication that the field was moving; yet we can hardly doubt 
that something does, or may, move relatively to the medium 
and that the medium responds by having an electric intensity 
produced in it (unless the line of motion happen to coincide with 
the direction of the magnetic intensity). 

By what phvsical conception can we make such relative 
motion have a physical meaning? Perhaps we may put it as 
follows: Intensity and its direction, as we measure them, do 
not fully specifv a magnetic field at a point. It is not to be 
expected that so simple an expression could give more than the 
faintest clue to the physical state we call magnetic, for even 
a so-called uniform field 1s not really uniform for very minute 
dimensions—let us say, for instance, for dimensions of atomic 
size or perhaps much smaller. If we could only sce fine enough 
we would see that a so-called uniform field possesses some sort 
of polarized structure, magnetic filaments of some sort all run- 
ning the same way and perhaps uniformly spaced. 

And so we appear compelled to fall back on a conception of 
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lines of force or tubes of induction having some sort of a real 
physical existence, if the relative motion between a uniform field 
and the medium in which it is sustained is to have physical 
significance. 

Take a simple concrete example, say a uniformly magnetized 
permanent magnet shaped something like the letter C with pole 
faces broad and flat and not very far apart (see Fig. 1). Let 
the surrounding medium be a dielectric, insulating oil for in- 
stance, which we shall suppose remains quiescent around the 
fixed point, P. 

The field near the center of the pole faces is practically uni- 
form. Nearer the cdges its intensity is weaker and changes in 
inclination, that is, in direction. Now what happens as the 
magnet moves forward, relative to the point P fixed in the oil, 
and in the direction indicated by the arrow? It is not difficult 
to conceive of the magnetic state being created in front of the 
poles as the magnet advances, and the same kind of state dis- 


Fig.1 


appearing or being destroyed behind them, while in that part 
where the ficld is uniform the magnetic state is constant and ap- 
parently does not in any way change as the upper pole face 
passes over and the lower one under it. But consider the matter 
more closely. Imagine a minute but intelligent being, sta- 
tioned at P, equipped with an instrument suitable for indi- 
cating to him the intensity and direction of magnetic field. 
Watching his instrument as the magnet begins to approach him, 
he sees the magnetic intensity growing stronger and stronger 
and ever changing in direction (inclination), but presently it 
reaches a maximum and remains constant in magnitude and 
direction. He is then in that part of the field which we call 
uniform. But is that state, which we call magnetic, really at 
rest about him? Could he perhaps not see, with a wonderful 
imaginary eye, the magnetic filaments or magnetic whirls or 
lines of stress or flow or whatever they are—could he not see 
them file past him as the pole faces move above and below 
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him, or, as a last resort, could he not devise an instrument 
that would indicate an electric intensity in the field about him? 

Considerations similar to these arise in considering the ro- 
tation of a magnetic field about a line of force as axis which hap- 
pens to be also an axis of symmetry for the field. For in- 
stance, Mr. Hering raises the question: Does the magnetic field 
of a round, uniformly magnetized bar magnet rotate with the 
magnet if the magnet be made to rotate about its axis by mechan- 
ical means? Неге for any given point in the field the magnetic 
intensity is constant in direction and magnitude whether the 
field rotate or remain stationary ?? 

Sir Oliver Lodge believes that the field does rotate with the 
magnet, or at least he says: “ If a magnet were spun on its axis 
rapidly by mechanical means, there 15 very little doubt but that 
it would act on charged bodies in its neighborhood, tending to 
make them move radially either to or from it. This, however, 


is an experiment that ought to be tried; and the easiest way. 
of trying it would be to suspend a sort of electrometer needle, 
electrified positive at one end and negative at the other, near the 
spinning magnet, and to look for a trance of deflection—to be 
reversed when the spin is reversed. А magnet of varying 
strength might be easier to try than a spinning one.’ Мг. 
Hering suggested the use of a single wire and a condenser for 
an experiment of a similar character.‘ 

To fix our ideas, imagine the arrangement indicated in Fig. 2, 
which represents a bar magnet capable of rotating around its 
axis and encircled by two concentric and coaxial cylindrical con- 
ducting surfaces. The two surfaces, which we may look upon 


2. We are of course not considering enormous hypothetical peripheral 
. speeds, such as would be comparable with the rate of propagation of 
magnetic disturbances. 

3. Modern Views of Electricity, Section 73, 1907 edition, by Oliver 
Lodge. Also see Lodge, Phil. Mag., June 1889, page 469. 

4. A New Factor in Induction; the ' Loop” versus the “ Cutting 
Lines of Force Law ”, by Carl Hering, Electrical World, March 14, 1908. 


1724 ELECTROMAGNETIC INDUCTION [July 2 


as the two plates of a cylindrical condenser, are fixed in space, 
while the magnet may be made to rotate by some mechanical 
means not indicated in the figure. 

Now assume the magnet to be rotating around its axis at a 
high speed and then place a conductor, say a piece of wire, 
across from А to B. If it be true that the field rotates with the 
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magnet, then such of the flux as passes between the cylinders 
will cut the wire and the cylinders will become charged elec- 
trically. Their electrical condition could be investigated after 
first removing the wire and then allowing the magnet to come 


to rest. 
The experiment might perhaps be modified so as to get 


~ 
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cumulative results by means of water-drop collectors as in 
Fig. 3. With this arrangement the magnetic flux of the 
rotating field cuts the wire, establishing an electromotive force 
between the ends a and b, in consequence of which the water- 
drops at the extremities of the conductor take on opposite elec- 
trical charges. The charges are carried off by the water-drops, 
and the latter in turn give up their charges to the collecting 
cylinders which should become more and more heavily charged. 

Of these suggested experiments that proposed by Lodge 1$ 
perhaps of the greater theoretical interest, as it could be per- 
formed in some suitable dielectric without perhaps using any 
conducting material in the field, and is in line with the ex- 
periment so successfully carried out by Dr. H. A. Wilson in 
which he measured the electric displacement in a dielectric 
resulting from its motion in a magnetic field.’ 

Carl Hering (by letter): Concerning Dr. Steinmetz's remarks, 
I am greatly pleased to see that he agrees with me on the main 
points. The statement of the general law of electromagnetic 
induction which he gives is probably the first statement which 
has ever been published of a form of the law which is really 
universal, so far as we know now, and I hope that in the future 
it will be copied into text-books freely; I know of no case, no 
matter how complicated, in which the student would be misled 
into getting wrong conclusions or even only doubtful conclu- 
sions, when applying this new statement of the law. The only 
comment I have to make about it is that, to be quite accurate, 
it should be preceded by a statement that it applies only to 
elemental conductors, that is, to conductors the cross-section 
of which 1s negligibly small; when the cross-section is relatively 
large, some further limitations would have to be introduced 
into the law to make it strictly correct and these limitations 
would complicate it. 

What Dr. Steinmetz savs concerning the form of induction 
in unipolar machines, was, of course, well known to me, but 
the usual unipolar machine does not come directly under Max- 
well's law as there 15 no definite limited loop ш which the en- 


5. See Proc. Roy. Soc., vol. 73, 1904. The experiment consisted in 
rotating a hollow cylinder or tube of ebonite about its axis, the rotation 
being performed in a magnetic field the direction of which coincided 
with the axis of rotation. The inner and the outer cylindrical surfaces 
were each covered with a metallic film, against each of which sliding 
brushes made contact. The brushes were connected to a quadrant elec- 
trometer the deflection of the latter thus becoming a measure of the 
charge displaced through the walls of the cvlinder. 

The'results indicated that an electromotive force was produced be- 
tween the inner and the outer conducting cylindrical surfaces the same 
as though a conductor had been used instead of ebonite, but that the 
value of the electromotive force was less for the ebonite in the ratio of 


"; К being the electric permitivity of the ebonite and К о that of 


free ether, that is numerically K,=1 when А = the specific inductive 
capacity of the moving dielectric (in this case ebonite). 
See also Blondlot, Journal de Physique, January 1902. 
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closed flux increases or diminishes. Hence the induction in 
unipolar machines has, for many years, not been considered a 
direct contradiction of Maxwell's law, or of the law of linkages. 
In my experiment, however, the conditions are such that Max- 
well's law can be applied directly, there being a very well-defined 
permanently closed loop and a well-defined increase and decrease 
of flux enclosed by that loop. It therefore contradicts Max- 
well’s law directly, while the induction in unipolar machines 
does not do so, directly. I am pleased that Dr. Steinmetz 
agrees with me that Maxwell's and Thomson's statement of the 
law are not universal, but refer only to special cases. If Max- 
well's law applies only to '' conditions of continuity of conductor 
and continuity of motion " as Dr. Steinmetz states it, this lim- 
iting condition ought always to accompany the statement of 
Maxwell’s law; but this is not the case in most text-books; 
and the student should not be left to find out these limiting 
conditions himself. 

Dr. Steinmetz's description of why a magnetic field remains 
fixed in space while the magnet generating it revolves on its 
axis is interesting. It seems, however, that high authorities 
differ on this point,* hence, the question must still be con- 
sidered an open one. 

I am pleased to see that Dr. Kennelly agrees with me that 
the movement of magnetic flux across the boundary is the 
primeordial proposition and the increase or diminution of flux in 
a loop is secondary. This statement is merely another way of 
saying that Faraday's statement of the law is the fundamental 
one and explains the seat of the induction, while Maxwell's 
statement 1s a deduction from it, applying only to special cases 
with strict limitations (which latter do not generally accompany 
the law in text-books). 

One of Professor Elihu Thomson's remarks, namely, that he 
formerly used Maxwells law, but later adopted Еагадау 5 
view of line cutting as the essential thing, bears out the con- 
tention that Faraday's law is the more reliable. His proposed 
universal law, followed afterwards by an admitted exception, 
ilustrates the difficulty of framing a universal law. 

Dr. Franklin's remarks show that the teacher who looks at 
these phenomena in a broad and general way will be apt to 
supply in his own mind the omitted limitations of a briefly 
stated law or rule. Students, however, as also many who are 
engaged in practical work, accept a law as it is stated and apply 
it literally; hence they mav be very seriously misled unless the 
limitations clearly accompany such a law. 

Mr. Thomas's remarks, in my opinion, illustrate very forcibly 
my contention that the statement of Maxwell's law 15 imper- 


* See Modern Views of Electricity, Lodge, 1907, Section 73, page 142. 
Also А Treatise on Magnetism and Electricity, Andrew Gray, 1898. 
page 329, Section 423. ш which the author says: " When the magnet 
moves, its field of force moves with it.” 


——— 
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fect; for if it requires such a complicated interpretation as he 
gives in order to make it fit this experiment, and perhaps even 
more intricate interpretations to fit other possible cases, it 
certainly is not in correct form to be given to students and 
practicing engineers to use as it reads. А careful student 
reading Mr. Thomas's explanation, would naturally feel great 
uncertainty in applying Maxwell's statement of the law to other 
unusual cases before he knew the result. If, in this experiment, 
the continuously closed circuit must be considered as being 
broken (as Mr. Thomas states in italics), then it must necessarily 
follow that 1n all other sliding contacts, such as those on alter- 
nators, revolving fields, induction motors, etc., the circuit 
must be considered to be broken all the time. Нелсе the 
current is flowing through a broken circuit without causing an 
arc—which, of course, leads to an absurdity. 

Replying to Mr. Graham, I nced only say that the experiment 
deals only with permanently closed circuits through which a 
steady current could be flowing all the time. Hence his analogy 
to a circuit which 1s opened and the flux moved out through 
the opening, is not legitimate discussion of the experiment 
itself. 

Mr. Hanchett's first experiment 1s essentially different from 
mine and has no bearing on mine as it distinctly opens and 
closes a circuit at a switch. His second experiment 1$ described 
in my paper, Fig. 3. It seems that Mr. Hanchett has evidently 
failed to see the very point of the experiment, which was that 
in teaching students the laws and rules for their practical use, 
these laws and rules should be so stated that the student will 
readily understand them, can fcel absolute reliance in them, can 
predict results with certainty and reliance, and will not have 
to resort to complicated interpretations (like leaving a part of 
a circuit behind notwithstanding that all of it has been visibly 
removed) in order to make the laws fit special cases after experi- 
mental investigation has shown what the result 1s. 

Mr. Waring's suggestions of methods to determine whether a 
field moves with its magnet or not, are very ingenious, par- 
ticularly the one with the water-drop collectors, which it scems 
to me would not be difficult to carry out. As the result is a 
simple question of fact concerning which the theories of able 
authorities give contradictory results, it would be very inter- 
esting to have this experiment carried out. I had suggested 
the use of condensers for such an experiment but his water-drop 
method would give cumulative results which makes the measure- 
ment easier. The precaution of course should be taken to stop 
the rotation of the magnet before connections are made with 
the electrometer, so that there could not be any question of a 
possible induction in апу leads, which has heretofore been the 
great stumbling-block in any direct measurements. 

Mr. Campbell's statement that “ the current is determined by 
the integral electromotive force around the circuit” is, in my opin- 
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ion, an evident fallacy, as every student will know that a current 
is not determined by the electromotive force, but by the quotient 
of the electromotive force and the resistance; without a knowl- 
edge of the resistance the current is a decidedly indeterminate 
quantity. In his paragraph 2 he virtually says that ''as the 
current " is "invariably closed, it follows as a mathematical 
necessity that " there cannot be any such a thing as an open 
circuit, hence Maxwell's loop law 1$ universal! 

Of course if one starts out with the arbitrary assumption that 
an electric circuit cannot ever be opened, then one thereby in- 
capacitates himself to even consider such a thing as induction 
of electromotive force ш an open circuit. Persons who have 
been left embarrassed in the dark by an opening of the electric 
light- supply circuit, or whose motors have been stalled for a 
similar reason, will not have much faith in arguments as to the 
impossibility of opening circuits. If Mr. Campbell will read 
Faraday he will find that this distinguished experimenter in- 
variably made experiments first and suggested theories to ac- 
cord with the facts afterwards. I believe he was never guilty 
of torturing facts to fit premature theories; he never to mv 
knowledge had to interpret a closed circuit to be open or an 
open one to be closed, in order to fit a pet theory to the facts. 
To Mr. Campbell's arbitrary assertion that induction " where no 
materials are present '' is ‘опе of the most important applica- 
tions " of the law under discussion, it is I hope not necessary 
to reply; the usual industrial use of induction is to get uscful 
currents, which could not flow where there are no materials to 
conduct and confine them. Why should we be expected to 
accept his very arbitrary and non-proved statement (H) that 
'" 1t is self-evident that the fundamental statement of the law 
of induction applies to linear circuits ” (presumably meaning 
closed circuits or complete loops, as he described before). Ач- 
thorities, who are recognized both here and abroad, cons.der the 
general case to include all kinds of circuits whether open or 
closed, the closed circuit being therefore a special case; in 
order to be fundamental, a law must apply to the general case. 
Many who have been asked have acknowledged frankly, and in 
a true scientific spirit, that Maxwell's law as usually stated 
would not have predicted the correct results of this experiment 
before the rcsults uere known: hence Mr. Campbell's arbitrary 
statement that it “ enables the results to be predicted in any 
case whatsoever ' is not borne out by facts. That the ex- 
periment '' throws no new light on the subject '' 1s а matter about 
which others have expressed a different opinion to me. One 
of the chief objects of mv paper was to try to show that there 
1$ room for improvement in teaching students the fundamental 
laws, so that they will obtain such a clear and unencumbered 
conception of those laws that they will have confidence in 
applying them for predicting results, without involving com- 
plicated "''interpretations "-—such as having to consider an 
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open circuit to be a closed one, or the reverse —which require 
an experimental determination before a correct prediction can 
be made. Mr. Campbell's discussion is a good illustration of 
this. 

Mr. Thomas has claimed above that what 15 universally con- 
sidered by electrical engineers to be a closed circuit must now be 
considered to be an open circuit in order to make his theory fit 
this case, and now Mr. Campbell claims that what would generally 
be considered to be an open circuit must now be considered to 
be a closed one in order to make his thcorv fit this case. I 
think this is a good illustration of the point raised in the paper, 
that Maxwell's law is not in a satisfactory form for teaching 
students, or for engineers to use. 


- DISCUSSION ON ** THE EVOLUTION OF ENGINEERING." ATLANTIC 


City, N. J., June 29, 1908 
(Sudject to final revision for the Transactions.) 

Charles F. Scott: In the president’s address reference 1s 
made to the part that the presidents of the national engineering 
societies played at the conference at Washington. One of the 
speakers referred to that conference as marking an era in Ameri- 
can thought and American action. It scems to me it also may 
mark an era in the position the national engineering societies 
are to take as to public matters in general. 

As a society, and as engineers, we may well congratulate our- 
selves on the part our president took in formulating the resolu- 
tions which were the formal outcome of that great and notable 
conference. It has been the ideal of many of us that the engi- 
neers of America, through their engineering societies, might 
get together for concerted action such as this. That was one of 
the ideas underlying the project in the Engineers’ Building, and 
it is a happy outcome that so soon after it was opened, the 
founder societics should have taken such an important part in 
this great national work. 

The president’s address admirably indicates the position which 
engineers should take in the future with regard to matters of 
this sort. The other papers this morning have been along the 
same lines, calling for the highest action, the coöperation of 
engineers, on larger scale and in larger matters, and we can also 
congratulate ourselves that the new president, in sounding his 
keynote, has looked also to the broader and more useful develop- 
ment of the enyineering society. 
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Discussion ом “ From STEAM TO ELECTRICITY ON A SINGLE- 
TracK Roap." JArrawriC City, М. J., Jury 1, 1908 
(Subject to final revision for the Transactions.) 

J. B. Whitehead: This paper was suggested by some of the 
questions arising in undertaking to change a 30-mile, single- 
track road from steam to electricity. 1% is understood, of 
course, that every project of this nature must be considered in 
the light of the particular conditions involved, so that it is 
rather to the methods which have been followed in the present 
case than to the actual results and values which were finally 
adopted, that I ask attention. 

W. I. Slichter: In thé equipment of a single-phase railway 
system one of the most important points is the design of the 
conductor system, since there is not the synchronous converter 
to fall back upon as a booster to make up for any line losses by 
its compounding. 

The drop in voltage in the rails with alternating current has 
been investigated by various persons, but as Mr. Whitehead has 
pointed out, there seems to be considerable difference in the 
results obtained. It is probable that these results differ because 
of the numerous conditions which enter with important effects 
into the phenomenon. 

The drop in the rail varies with the perimeter of the rail, 
because it 1s a skin effect; it also varies with the chemical com- 
position. of the rail, which affects the permeability; with the 
bonding which affects the true or ohmic resistance of the cir- 
cult, and with the quantity of current in the rail, as this affects 
the permeability; and with the leakage of current to ground. 

While the results of experimental tests will differ greatly on this 
account, conditions found in practice do not vary so greatly 
and we do get quite reliable and uniform values. | 

The general results of a serics of tests made under operating 
conditions show that at 25 cycles the impedance drop in the rail 
itself 15 approximately eight times as great as the ohmic drop 
-with direct current, that the power-factor of this drop 1s about 
80 percent. The impedance drop in the trolley is approximately 
50 per cent greater than that with direct current. The result 
is that the total drop with alternating current is approximately 
twice as great per ampere as the drop with direct current. 

An interesting feature of this voltage drop is that it has a 
power-factor of a value somewhere between the power-factor 
of the input to the car at free running and at starting, but more 
closely approximating the power-factor of free running. Thus 
under free-running conditions this drop is almost algebraically 
subtracted from the sub-station voltage. 

At starting, when the input to the car has a value about twice 
that of free running, the drop 1$ out of phase with the line 
voltage and is subtracted gcometrically at a large angle, so that 
at starting there 1s a loss of voltage only about 50 per cent 
greater than that at free running, although the ratio of line cur- 
rent and actual voltage drops 1s as two to one. 
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Wm. McClellan: In regard to the choice of svstems. Of 
the various systems proposed for electrification, none of us knows 
which one is going to be the best, if there is a best. I am 
perfectly willing to grant that there may be a heavy grade at 
some place where а 1200-volt, direct-current system may seem 
the best; there may be a long grade, perhaps, where a three- 
phase system may seem very advantageous; there are other 
places where the 11,000-volt, single-phase system may seem the 
right one; and still other places where the 650-volt system may 
seem best; and so on. 

But we are not electrifying heavy grades or tunnels. We are 
not electrifying small portions of systems. We are beginning 
to electrify whole systems. Therefore, while we cannot at 
present choose any one system and clectrify by means of that 
system, yet we must constantly realize that the great problem 
we have is the electrification of the large system. If we are 
called upon to work with a tunnel or grade, or something which 
needs immediate electrification, let us keep in mind the whole 
problem of the general electrification of the whole road at some 
future day. 

I know of one place where they want to make a forty-mile 
extension on a part of the system, where a certain system of 
electrification is used on the original part of the road. There 
is no question whatever that another system of electric pro- 
pulsion is most advisable for the extension; the problem is to 
know what to do, whether to throw away the part now in use, 
and remake it, or go ahead with the old system and install that 
on the extension, which is the easiest thing to do, and trust to 
the future. 

It is fortunate that one large system decided to solve their 
problem on a general basis. <As a result they have been sub- 
jected to criticism, because some one can show where a few 
dollars might have been saved now by adopting some other 
system. They have done wisely, however, in keeping in mind 
the electrification of the whole system rather than to adopt 
the method that is perhaps more immediately applicable. 

А. Н. Babcock: The method given herein is not the only 
accepted one to be followed in discussing problems of this 
character. If it were the only method, in at least one case with 
which [ have to deal, we would be hopelessly at sea. That 
particular case involves the electrification of about 135 miles of 
trans-continental railroad over the Sierra Nevadas, with a grade 
rising 7,000 ft. in 83 miles. 

Have there been any tests made on the road, as in operation, 
to show how much drop was encountered in the rails and in the 
overhead system, as compared with the calculated figures? 

J. B. Whitehead: There have been no tests of these figures. 
The best I was able to do was to take the literature as I found 
it in the matter and lay the system out. The starting conditions 
are excellent, so far as I can observe. As for actual figures of 
drop, I have not been able to get any. 
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А. W. Copley (by letter): The subject of the constants of 
alternating-current ralway circuits is one to which I have 
given considerable attention. During the last few years I have 
had opportunitv to make a number of tests for the determina- 
tion of such constants, the most important of which were 
made on the New York, New Haven & Hartford Railroad, under 
the general direction of C. F. Scott and W. S. Murray. The data 
obtained in these tests are summarized in the following tables. 
The values given for double track and single track are calculated 
from the data obtained on the four track road; the values ob- 
tained in this manner for single track check closely with the 
results of tests made elsewhere on single track roads. 

The impedances given in the table are the electromotive forces 
required for sending current through the circuit and are prac- 
tically equal to the difference between the electromotive forces 
at the power house and that at the load. The values in the 
table are the volts required per mile per hundred amperes in 
the trolley. 

The figures showing the division of current between the track 
and the earth refer to intermediate portions of long sections; 
the division is different near the power house and near the load. 

The figures in the tables apply to average practical conditions 
and are suitable for the calculation of commercial circuits. 


Four-Track Roap 


Four 0000 trolley wires.. ...... Eight 100-Ib. rails. 
Electromotive force............ 25 cycles 15 cycles 
Resistance 
e pO 6.8 volts 6.7 volts 
Peles ырс Жийде tb Ge ido 18 “ 1.5 ^" 
О Бн 3.6 “ 823, 
Reactance 
Trolley wires (internal)..... 0.35 0.2 
Rails (internal) ............ 0.35 0.5 
Between trolley and return 
„е а ево 15.6 9.4 
О оао 16.8 10.1 
Impedance, total......... 18.9 13. 
Division of current 
Each outside trolley wire..... 20.6 amperes 26.3 amperes 
Each inside trolley wire....... 23.4 - 23.7 D 
ЕО PETS 15 s 
ЕЕ ера оо PU EA 25 A 
Four TRACK WITH AUXILIARY FEEDERS 
Four 0000 trolley wires.........Two 00 feeders Eight 100-Ib. rails 
Electromotive [огсе............ 20 cycles 15 cycles 
Resistance 
Overhead wires............ 5.7 volts 5.6 volts 
КА cio: 1.8 “ 1.5 “ 
Total па irre UE EET ро. * С “ 
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Reactance 
Overhead wires (internal)..... 0.2 0.1 
Rails (internal) . 0.9 0.6 
Between overhead wires and 
return circuit............ 13.3 8.0 
ОКА па вара 14.4 volts 8.7 уо 5 
Impedance, total......... 16.5 “ 11.2 “ 
: Division of current 
Each feeder wire........... 14.2 amperes 
Each outside trolley ....... : 18.5 b 
Each inside trolley ......... 0017. Е 
ое. 15 Њ 
е Ба ова s 25 x 
DocvBrE-TRAcK Колар 
Two 0000 trolley wires.......... Four 100-1Ъ. rails 
Electromotive [огсе............ 25 cycles 15 cycles 
Resistance 
ROME аа орь 13 volts 13 volts 
КАМ uoa Е зра Di. 7 у: " 
ТО ыма дЫ ан ЕР 15.5 “ 15 “ 
Reactance 
Trolley wires (internal)..... 0.6 0.4 
Rails (internal) . 1.2 0.7 
Bet ween trolley wires and re- : 
ТИС ТОНЕ ce: RA 25.1 15 
он 26.9 16.1 
Impedance, total......... 3l. 23. 
Division of current 
КА е т id eA dod ife Ла o8 amperes 
DAT ds ac tert ie Ай кайн ри 42 * 
SINGLE-TRACK ROAD 
One 0000 trolley wire........... T wo 100-1b. rails 
E ectromotive Тогсе............ 25 cycles 15 cycles 
Resistance 
ТЕЕ еа рЫ 26 volts 26 volts 
PRO MM C Е 3 & go > 
ы Об ЛОО ан A s d 
Reactance 
Trolley wire (1nternal)...... 1.3 volts .8 volts 
& Rails (internal) ............ 1.5 “ ge 
Between trolley and return 
аа 44.2 * 20,9. “ 
лее 47. ш 28.2 > 
Impedance, total......... 55.3 * 39.6 “ 
Division of current 
Ка аа 40 amperes 
Каты а deu E he PN 60 а 


NorE.— With 000 trolley wire instead of 0000 for single track the total 
impedance in volts per 100 amperes per mile is 60. 
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The earth losses are left out of the above tables. Such 
losses are comparatively small and are not ea:ily measured; 
moreover they undoubtedly vary greatly with different kinds 
of soil and the ballast of the roadbed, the largest part of the 
loss occurring in the region where the current is leaking the 
rails and going into the earth. 

Mr. Whitchead has given figures for various losses in railway 
circuits published by Parshall & Hobart and by the Railway 
Test Commission and has made calculations of such constants 
from theoretical considerations. A comparison of the values 
given in his paper with values obtained from the tests on the 
New Haven road brings out several interesting points. 

Rail impedance. The values for the ratio between the im- 
pedance of the rails at 25 cycles and the direct-current resist- 
ance, are given from Parshall & Hobart as 8.1 and from the 
Test Commission Report as 5.5. These ratios are presumably 
for an SO0-Ib. rail. Measurements made on the New York, New 
Haven & Hartford Railroad with 100-Ib. rails with 0000 bonds 
gave a value of between 2.5 and 3 for the ratio. This ratio was 
obtained with current densities of from 40 to 200 amperes per 
rail, and the results show only a very slight increase in the ratio 
with increased density. The resistance of the rail showed no 
noticeable change with the density, but the impedance rose 
slightly as the density increased. 

Rail reststance. The resistance of the rails to alternating 
current at 25 cycles as measured on the New Haven road was 
0.16 ohm per mile of single rails. Multiplying this by the rail 
current gives the ohmic drop of voltage in the rails. With 100 
amperes per rail, this would amount to 16 volts. This value is 
little more than half of the value given by: the Railway Test 
Commission (28.8 volts for 80-1. rail) which is used in Mr. 
Whitehead's calculations. 

Rail reactance. The reactance volts within the rail was found 
in the New Haven tests to be about 8 volts per 100 amperes per 
mile for a single rail. The value used by Mr. Whitehead (21 
volts for SO-Ib. rail) in his calculations is that taken from the 
Railway Test Commission's tests and is over double the value 
given above for a 100-Ib. rail. 

Rail current. The proportion of the trolley current which re- 
turns by rails 1s seen from the tables to vary according to the 
number of tracks. А single-track road has only 40 per cent of 
the current returning by the rails while a four-track road has 
гә per cent. 

At the point where current enters the rails on a single-track 
road 70 per cent of the current starts toward the power house 
and 30 per cent in the opposite direction. The 30 per cent 
leaks from the rails into the earth in from two to three miles. 
Coming toward the power house the 70 per cent decreases to 
10 per cent in about the same distance, and the rail current then 
stays at this value until near the power house. Similar results 
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were found on the four-track road, 87 per cent starting toward 
the power house and decreasing to 75 per cent in two miles. 

Position of earth current. The position of the earth current 
varies, no doubt, under different conditions of soil etc. On the 
New Haven road it was found that if the earth conductor was 
assumed as 1000 ft. in diameter and tangent to the surface at 
the rails, the constants of the circuit calculated theoretically 
would be substantially the same as those determined experi- 
mentally. For a single-track road an assumed diameter of 600 
ft. gave theoretical constants the same as the measured values. 

Impedance volts due to trolley current. In the calculation given 
for the division of current between а 000 copper trolley wire 
and a y; in. steel messenger wire, it does not appear that any 
allowance has been made in the value of К, (the resistance of 
the messenger wire) for the fact that the current is alternating. 
The value 3.7 ohms is about the value of the resistance to direct 
current, but 9 or 10 ohms is probably nearer the value for the 
resistance at 25 cycles. By making this change from 3.7 to 10, 
the values of т, and 2, (the currents in the trolley wire and mes- 
senger respectively) become 97 and 3.5 amperes, sespectively 
and Е (the impedance voltage in the circuit due to the trolley 
current) becomes 47.2 instead of 41.75. This value of E (47.2 
volts) is close to the value found by neglecting the messenger 
wire as a conductor. 

Impedance volts due to rail current. The resistance volts due 
to rail current as given above is 16.2 per 100 amperes in each rail 
per mile of 8.1 volts per 100 amperes in a pair of rails per mile. 

The reactance volts due to the field inside the rails 1s 4 volts 
per mile of single track (two rails). The reactance volts in the 
trolley-rail circuit due to rail current is calculated from the 
distance between rails and trolley wire, the rail current, and 
the diameter of the rails. If this last is taken as 2.5 in., the 
value of reactance volts is about 32 as 1$ given Бу Mr. White- 
head for 100 amperes in each rail or 16 for 100 amperes in the 
track. The total impedance due to track current of 100 am- 
peres is then 8.1 — г 20. Adding this to the value deduced for 
the impedance due to the trolley current, gives E, the total 
impedance, as 67.8 volts per mile per 100 amperes for 000 trolley 
wire and 100 lb. rails. Taking into account that the rail current 
is only 40 per cent of the trolley current drops the value of Е, 
to about 60 volts. 

Chas. Е. Scott: Mr. Copley is, I believe, substantially correct 
in his measurements, and what he has contributed is a valuable 
addition to our knowledge on this subject. I might add that the 
height of the trolley wire 15 22 ft. 

J. B. Whitehead: I am particularly glad to see these figures. 
This is one of the objects which I had in mind in bringing the cal- 
culation of the impedance volts into the paper. I have only seen 
Mr. Copley's figures for the first time, in the last few minutes, 
and am not prepared to make specific comments upon them. 

The value of the impedance volts for the single-track road is 
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what I was most concerned with in my paper. I notice that the 
total impedance in Mr. Copley's discussion at 100 amperes per 
mile, is 60 volts as against 65 volts given in my paper. 

The difference between 80 and 100 lb. rails at 100 amperes 
per mile is appreciable; maybe it will make up for the difference 
in impedance values. 

I did not mention the matter of rail impedance at the time 
I was abstracting the paper, but I called attention at the time 
to the difference in the ratios of impedance of rails and direct 
current resistances, as given by the several authorities which I 
quoted. I brought out in the substance of the paper the point 
which Mr. Copley has reported here. He has touched on the 
subject of rail resistance, and I would be glad to see more 
figures on that particular point. They are all over the place, 
if one looks up the measurements which have been taken, and 
doubtless the variations are caused by the different conditions 
of track under which the measurements are taken; that 1s the 
only way I can account for them. 

As to the matter of rail current, these are the first figures I 
have seen bearing on the subject. I should like to ask Mr. 
Scott whether there were any single-track measurements taken 
at the time of these tests? Do I understand these figuresfor 
single track are calculated from the results of four track tests? 

Chas. F. Scott: Yes; calculated, and also the result of direct 
measurement. The figures relating to three single track meas- 
urements taken at thrce places are from actual tests. 

J. B. Whitehead: I should like to see the record of these 
single-track tests, because there are remarkably few at present 
available in the literature. The resistance of the catenary cable 
at 25 cycles is placed here at from 9 to 10 ohms, but by con- 
jecture only. The value appears excessive. 

S. H. Clarkson: In figuring out the cost per car-mile, I 
should like to know whether Mr. Whitehead took the loco- 
motive into consideration, and if so to what extent? It seems 
to me that the cost per ton-mile would be a much more equitable 
basis for comparison, not only in the present instance where 
a steam and a single-phase road are being considered, but in 
all cases where it may be necessarv to compare trains having 
different equipment or motive power. 

J. B. Whitehead: I shall answer the question last asked. 
The figures given at the end of the paper on the relative costs 
of operation are based entirely on the passenger traffic of the 
road. The freight traffic will be handled by steam, certainly 
for the present. The comparison here given is entirely on the 
basis of passenger traffic, and it has been estimated that a cer- 
tain car mileage was necessary to handle the passenger traffic. 
That is the reason for the basis of car-mileage. 

As to the maintenance of locomotives, the figures for the cost 
of maintenance are at once available from the company's books, 
and it was a simple matter to put them on the car-mileage basis. 
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DISCUSSION ON “ WonkiNc RESULTS FROM GaAs-ELECTRIC POWER 
PLANT. REPORT ОЕ 30-Dav TEST ON SERVICE PLANT, RICH- 
MOND Works, AMERICAN LOCOMOTIVE CoMPANY," ATLAN- 
TIC City, №. J., Jury 1, 1908 

(Subject to final revision for the Transactions.) 

J. P. Jackson: I have found, as I presume all who have 
dealt with gas power-plants have found, that the first question 
to be determined is that of reliability. Is it possible to have 
a plant that will operate continuously with good service under all 
conditions, a plant that will not shut down on account of trouble 
of one kind or another, as gas plants have a habit of doing? 

The first cost of gas plants has been referred to, and it 1$ ad- 
mittedly high. A steam plant can usually carry a heavy over- 
load but it is difficult to equal such service with a gas plant 
unless the gas is exceedingly rich. If the gas is poor even less 
than rated load is sometimes obtained. 

Flexibility and reliability of the auxiliaries is essential. 
Can a spark system be made reliable? А system that can 
be fixed, in case it gets out of order, without shutting down 
the whole unit? Probably, with proper duplication, that can 
be done. Compressed air is usually used to start gas engines. 
I think many gas plants have had trouble because the com- 
pressed air apparatus has not been independent, so that in case 
the air is lost in the tanks, they can be pumped full in a few 
minutes. Circulating pumps and coolers are needed, unless 
water iS inexpensive. Such water is for cooling the engines and 
for use in the scrubbers and vaporizers. If a suction producer 
plant is under consideration, a blower 15 necessary to start the 
fire and also suitable arrangements must be made for cleaning 
fires, if it is desired to run twenty-four hours a day. 

So far as I am able to observe, if a small gas plant is in good 
running order the labor is less expensive than in the case of 
steam plants, though 1n most cases such plants being still 1n the 
experimental stage, there is apt to be extra expense which mater- 
ially raises the labor account. I believe, however, that when we 
get the gas engine to the same point of perfection, the labor 
will probably be a less expensive item than in the case of the 
steam plant. In a plant with a large load-factor the fuel cost 
will be less than that 11 a steam plant of small unit or size. 
The saving in coal has to be offset against other items, however. 
The cost of water is important, inasmuch as a water cooler and 
condenser must be used. 

Deterioration and repairs have been enormous items of ex- 
pense, which can be eliminated to a large extent. There 15 
no reason why a well-designed gas engine cannot maintain its 
brasses, instead of having them eaten out by sulphuric acid; 
why it cannot continue to run with about the same stability as 
a steam engine. 

So far as making the gas goes, producers for gas purposes are 
undoubtedly less expensive to keep up, and they need less 
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attention than steam boilers. They cost less originally. In 
gas plants there are needed gas testers that continuously record 
the character of the gas, these are as necessary as gauges in a 
steam plant to record the steam pressure. Suction gauges are 
scarcely sufficient. 

I have spoken of troubles, because they have come forcibly 
to my notice. But I believe that so far as reliability of service 
goes, it should be possible to build a producer plant which will 
give just as reliable service as a steam plant, especially for small 
units in locations where the price of fuel is high. The annual 
cost, including depreciation on the higher first cost, labor, and 
fuel, and every other item of expense, should be in many cases 
less for the gas plant than for the steam plant. 

J. R. Bibbins: The ability of a gas-power plant to carry over- 
load 1s entirely a question for the designing engineer to decide. 
The maximum capacitv of a gas engine is reached when the cylin- 
der is full of mixture of maximum density; this 15 analogous to 
a steam engine taking full-stroke steam. At the present time 
engines of good construction are rated with a continuous over- 
load capacity of from 10 to 15 per cent. In the plant at Rich- 
mond the engine has sustained a one-hour overload of over 
30 per cent, or a three-hour overload of 19 per cent. These 
results were obtained with good gas, but conditions are not al- 
ways so favorable, and conservative builders lower their ratings 
in order to cover contingencies entirely beyond their control. 
In fact this particular engine has about 20 per cent excess ca- 
pacity. А knowledge of future operating conditions would un- 
doubtedly have enabled the designer of this plant to take ad- 
vantage of this in electrical ratings. 

The steam turbine, as built to-day in America, is exerting an 
embarrassing influence on the question of gas-power ratings, 
as American practice is extremely conservative. Compared with 
German practice, for example, it will be found that foreigners are 
much less conservative in overload ratings, as determined by 
temperature guarantecs. If the same basis of rating existed 
for domestic machinery as for foreign generating machinerv, 
even turbines, American practice in gas-engine ratings woulc 
not be so generally criticized, and the prime mover would not 
be called upon to compensate for deficiencies in plant equipment 
or operation. Standardization of gas-power practice is now 
being considered by the American Society of Mechanical Engi- 
neers. А committee was appointed last December, and within 
the next year it is probable that American practice will be well 
defined and placed upon a more logical basis than at present 
exists, where nearly every manufacturer has his own standards. 

The principal object of the paper is to present some definite 
data on the operation of the modern plant properly equipped 
and operated, data which clearly refute the general charge of 
unreliability and costliness so often encountered. Such charges 
are usually based upon individual experience or general mis- 


оные. ыы. ee ———— NE ee d 


жой 


1908] DISCUSSION AT ATLANTIC CITY 1739 


information. There is nothing unusual about the Richmond 
installation—a standard type of gas engine—a simple form of 
bituminous producer with independent auxiliaries for tar re- 
moval. The plant is capable of continuous operation through 
the use of water-seals at the producers; the lubrication and 
cooling of the engine are automatic; the ignition svstem is in 
duplicate; and the governing fully as sensitive as in standard 
steam practice—2 to 2.5 per cent variation of mean speed. 
Although a direct-current installation in this instance, the 
regulation obtained from this type of engine is sufficient to 
permit alternating current parallel operation without the use 
of spring couplings. | 
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DiscussioN ON “ THREE-PHASE PowER-FActTor.’ ATLANTIC 
City, М. J., JUNE 30, 1908 


(Subject to final revision for the Transactions.) 


Comfort A. Adams: I think that at least a part of Mr. Burt's 
demonstration may be rendered less mathematical to the ad- 
vantage of one’s physical conception of the problem. I refer 
to that part leading up to equation (34) which is the algebraic 
statement of the validity of the ordinary method of measuring 
three-phase power by means of two wattmeters. 

Since in any three-wire system the algebraic sum at any 
instant of the three currents counted positive in the same 
direction along the circuit is zero, one of these currents may 
be legitimately looked upon as the common return for the other 
two, since when counted positive backwards it 15 equal at each 
instant to the algebraic sum of the other two currents counted 
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positive outwards. <Any three-wire three-phase system may 
then be considered as a three-wire two-phase system. 

In Fig. 1, с is taken as the common return and the total 
power at any instant is, р = Саса + бе = Pact рь. The small 
letters indicate instantaneous values, the order of voltage sub- 
scripts indicates the direction in which the voltage is counted 
positive, and the arrows the directions in which the currents 
are counted positive. 

What is true of the instantaneous values of the powers is 
true of their average values and of the readings of the wattmeters; 
or using Mr. Burt's notation, P == Ра + Py. No assumption 
is here made as to the shape of the electromotive force or current 
waves. If the power flow is from left to right in both circuits, 
both wattmeters will give positive deflections when connected 
as shown. If one gives a negative deflection when so con- 
nected, 1t indicates a backward flow of power in that circuit and 
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the reading of this instrument, when its pressure-coil connec- 
tions have been reversed, must be subtracted from that of the 
other wattmeter to give the total outward flow of power. 

Thus the point of view involved in this proof (if it may be 
dignified by that name) not only emphasizes the direction of 
power flow and its relation to the relative direction of current 
and electromotive force, but it also points out a positive method 
of connecting the two wattmeters into the circuit. 

The proof given above is only a special statement of the more 
general proposition* that if in any three-wire system, (Fig. 1), 
the currents 2, and 1, and the simultaneous electromotive forces 
бас and ey are given for any instant, the system 15 for that in- 
stant completely determined in all its vital aspects, and that 
it is entirely immaterial as to how the three wires may be inter- 
connected in the receiving apparatus, which may be two-phase, 
single-phase, three-phase star, three-phase delta, or a com- 
plicated network of many branches. 

There should therefore be a power-factor so defineable that it 
is wholly determined by Eac, Ey, Ie, Ie and their phase rela- 
tions, and thus independent of the number of branches of the 
receiving circuit. Of such a power-factor Mr. Burt has very 
opportunely supplied the definition. 

The proposition given above, as well as Mr. Burt's definition 
of power-factor, apply equally well to an и wire system of 
which и — 1 line currents and и — 1 line voltages are given.T 

Frederick Bedell: As I understand Professor Adams, the 
explanation he has given can be made to form a rigorous proof 
if it is expressed in mathematical language by the method given 
by Professor Blondel in his paper on '' Measurements of the 
Energy of Polyphase Currents " in the Proceedings of the Inter- 
national Electrical. Congress of 1893. 

H. L. Wallau: The method of measuring the power-factor 
of an unbalanced delta system appeals to me because in our 
svstem we use exclusively a three-phase delta, 2300-volt dis- 
tribution. The main power feeders are separate three-phase 
feeders and are, generally speaking, balanced. However, our 
lighting circuits also have small amounts of power connected 
to them, a great many having single-phase loads in the form 
of small motors, mercury rectifiers, and arc lamps, together 
with single-phase branches supplying straight incandescent 
loads. For that reason our lines are to a greater or less extent 
unbalanced, and it has been of a great deal of importance to 


* At the time of the oral discussion of this subject at Atlantic City 
the writer was convinced and stated that the proposition given above 
covered also the proof leading up to Mr. Burt’s equation (35), but 
while the conviction remains, he has been unable to see the connection 
clearly enough from the physical point of view to express it in simple 
non-mathematical form. 

ї` Polyphase Power Measurement” by C. A. Adams, Electrical 
World Jan. 19, 1907, p 143. 
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us to obtain an average power-factor which would truly represent 
the conditions on any particular feeder. 

I think that in all cases where similar systems are being used, 
the power-factor on the system, as a whole, can be closely 
approximated by obtaining power-factor on various feeders. I 
have used various approximations to get at the average power- 
factor on the sub-station, for the purpose of determining the 
proper size of rotarv condenser to be installed, to bring the 
power-factor up to such a value as would give an economical 
transmission from the generator to the sub-station, and also 
under certain cases the proper size of condenser to be installed 
on the customers' premises, in order to bring the power factor 
up, sometimes, from a value as low as fifty per cent, to what 
might be called a livable value, one commercially practicable. 

B. A. Behrend: I think that Messrs. Adams and Bedell are 
correct in regard to their simple way of proving the time-honored 
method of measuring the power-factor and the kilowatts of a 
three-phase alternating-current circuit. Their method is very 
interesting and instructive. 


General Flectric Company 


‘Aluminum Cell Lightning Arresters 


For the protection of alternating current systems 


" ~ | 6 b 


View of parts of one leg of 12,500 volt 
| Aluminum Cell Arrester ` 


Operation of arrester depends on a film formed by electrolytic 
action on the surfaces of a series of aluminum cones. 


Some Exclusive Advantages of 
General Electric Aluminum Cell Arresters 


The cells or aluminum cones are so shaped and supported 
that there is no chance of short circuiting from contact. 

The strong steel tank maintains protection from external 
injury. 
~ The inverted conical form of cell prevents accumulation of 
gases on the film surfaces and insures safe and efficient discharge. 

Oil immersion of cones affords highest insulation. 

Heaviest induced stroke can be discharged without causing 
abnormal voltage rise in system. 

Great heat absorbing capacity of oil permits arrester to 
discharge continuously for half-hour without injury from high 
temperatures. | 

No dynamic current can flow as result of discharge. 


Aluminum cell arresters can be supplied for operation on circuits 
of from 5,000 to 100,000 volts 


PRINCIPAL OFFICE: SCHENECTADY, N. Y. 
New York Office: 30 Church St. 


Sales offices in all large cities. 


Lead Incased 
Cables 


Bare and 
Insulated 
Copper Wire 


WIRE ROPE FOR ALL PURPOSES 


John A. Roebling’s Sons Co., 


Main Office and Works: TRENTON, М. J. К 


AGENCIES AND BRANCHES: 
New York Chícago San Francisco Cleveland 
Phíladelphía Atlanta Seattle Los Angeles Portlard, Ote. 


О ogle 


Volume XXU Per Copy, 5Oc. 
Number 7 July, 1908 Per Year, $5.00. 


MAY | RAD 


Copyrighted 1908, by the Amer- 
ICAN [INSTITUTE OF ELECTRICAL 
ENGINEERS. Permission is given 
to reprint any matter provided 
proper credit is given. 


PROCEEDINGS 


OF THE 


American Institute 


OF 


Electrical Engineers 


CONTENTS 


Section I. Notes and Comments 


Resolutions in honor of William: Arnold Anthony 

Frontispiece. William Arnold Antliony 

Editorial Comment - 1 

T'wenty-Hfth Annual Convention, Atlantic City, y June 29-July 2, 1908 2 
ficers 


Report of Committee of Tellers on Election of . 
Sections and Branch - - 6 
Associates Elected m T'raosierred June 12, 1908 - - - 8 
Application for Election - - - - - 13 
Personal - - - - - - - 14 
Obituary - - - - - - 5 
Ай to the Library - - - - - - № 


Section Ш. Papers, Discussions, and Reports 


(Atlantíc City Convention June 29-July 2, 1908.) 
The General Y ves of the Electríc Circuit, by C. P. Steinmetz 1121 
c Heating Plant of the "Biltmore Estate, by 
Charles E. Waddell 1197 
Relation of the Manufacturing Company to the Technical 
Graduate, by David B. Rushmore 1213 
Water Power Development ín the National Forests. A Suggested 
Government Policy, by Frank С. Baum  - 
Critical Study of rand 5 Records on Taylay’ s Falls Trfhsmis- 
sion Line, by Percy H. Thomas - 1227 
Double-Deck Steam Ah эш Power Plants, by J. R. Bibbins - 1251 
Working Results from Gas Electric Power Plants, by J. R. Бесна 1271 
Wireless l'elephony, Бу К. А. Fessenden 1283 
Discussion (by letter) on Convention Papers - - - 1359 


Report of Board of Directors for Fiscal Year Ending April 30, 1908 1371 
ay aap ag ye of Library Committee for Yen Ending Apel cig ^ 1383 
Advertisements -  . - ii 


the Act of Congress, March 3, 
1899. 


Entered as matter of the second 
class ət the post-office, New York, 
N.Y.. December 17 1904, under 


FOUR IMPORTANT ELECTRICAL BOOKS 


8 vo. Cloth 188 pp. 163 Illus. $2.00 Net 


ELECTRIC ARC LAMPS 


Their Principles, Construction and Working 


By J. ZEIDLER, E.E. and J. LUSTGARTEN, M. Sc. 


CONTENTS. 

General Remarks. Introduction. Differences of Construction. Series 
Arc Lamps. Shunt Arc Lamps. Differential Arc Lamps. Lamps with 
Open Arcs and Co-Axial Vertical Carbons. Flame Arc а closed 
Arc Lamps. Light Intensity and Light Distribution. Ш tion. Ex- 
ternal Connections. Accessories for External Connections. Table of Photo- 
metric tities. Table of Comparative Costs of Usual Sources of Light. 
Standardization Rules on Photometry and Lamps of the American Institute 
of Electrical Engineers. 


8 vo. Cloth. 293 pp. 67 Illus. $2.00 Net 


ELECTRIC POWER and TRACTION 


By F. H. Davies. 


CONTENTS. 

Introduction. The Generation and Distribution of Power. The Electric 
Motor. The Application of Electric Power. Electric Power in Collieries. 
Electric Power in Engineering Workshops. Electric Power in Textile 
Factories. Electric Power in the Printing Trade. Electric Power at Sea. 
Electric Power on Canals. Electric Traction. „Тће Overhead System and 
Track Work. The Conduit System. The Surface Contact System. Car 
Building and Equipment. Electric Railways. Glossary. Index. 


8 vo. Cloth. 217 pp. 38 Illus. $2.50 Net 


Elements of Electric Traction 


By L. W. Gant. 


CONTENTS. 

Introduction. Principles of Magnetism. Principles of Electricity. 
Principle of the Dynamo. Principle of the Continuous-Current Motor Power 
and Power Measurement. Mechanics of Traction. Characteristics Properties 
of Continuous-Current Motors. Application of Motors to Traction. Brakes. 
Index. 


8 vo. Cloth 218 pp. 108 Illus. $2.00 Net 


Laboratory Work in Electrical Engineering 


(PRELIMINARY GRADE) 
By JOHN ROBERTS, Jr. 


CONTENTS. 
The Graphical Representation of Experimental Results. Section O.— 
Verification of Ohm's Law. Section R.—Measurement of Resistance. 


Section E.—Measurement of E.M.F. Section C.—Measurement of Current. 
Section P.—The  Potentiometer. Section K.—Calibration of Electrical 
Measuring Instruments. Section M.— Miscellaneous Experiments. А 

I. Appendix II. 


D. Van Nostrand Co. 2 у" 32 New York 


04 oogle 


ОЕ ТНЕ 


PROCEEDINGS | 


American Institute 


OF 


Electrical Engineers 
ПЕН ‘August, 1908 „2195 


CONTENTS 


Section I. Notes and Comments 


Frontispiece. A. 1. Е. Е. Convention at Atlantic City 
Section Papers - - - 
Institute Publications - - - - 
Twenty-fifth Annual Convention - - - 
Report of the Sections Committee - - 
esentation to the Institution of Electrical ли 
Sectíons and Branches - - - - 
Applications for Election - - - 
Personal - - - - 
Marseilles Electrical са - - 
Accessions to the Library : : - : 


Section II. Papers, Discussions, and Reports 


The Evolution of Engineering, by Henry Gordon Stott, Atlantic 
City Convention, June 29, 1908 - - - - 1391 


Conservation of Power Resources, Бу Н. St. Clair Putnam, White 
House, Washington, D. C., May 13-15, 1908 - - 1397 


Discussion on “ The Engineer’s Activity in Public Affairs—Public 
Utility Commissions and Franchise Valuations”, New 
York, April 10, 1908 - 


Index to Advertisements 


Copyrighted 1908, by the Amer- Eatered as matter of the second 
ICAN INSTITUTE OF ELECTRICAL class ət the post-office, New York, 
EwcGiNEERS. Permission is given N.Y.. December 17, 1904, under 
to reprint any matter provided the Act of Congress, March 3 
proper credit 13 given. 1899, 


FOUR IMPORTANT ELECTRICAL BOOKS 


` 
8 vo. Cloth 188 pp. 163 Illus. $2.00 Net 


ELECTRIC ARC LAMPS 


Their Principles, Construction and Working 


By J. ZEIDLER, E.E. and J. LUSTGARTEN, M. Sc. 


CONTENTS. 

General Remarks. Introduction. Differences of Construction. Series 
Arc Lamps. Shunt Arc Lamps. Differential Arc Lam агара, p > with 
Open Arcs and Co-Axial Vertical Carbons. Flame Arc nclosed 
Arc Lamps. Light Intensity and Light Distribution. палио, Ех- 
ternal Connections. Accessories for External Connections. Table of Photo- 
metric Quantities. Table of Comparative Costs of Usual Sources of Light. 
Standardization Rules on Photometry and Lamps of the American Institute 
of Electrical Engineers. 


8 vo. Cloth. 293 pp. 67 Illus. $2.00 Net 


ELECTRIC POWER and TRACTION 


By F. H. Davies. 


CONTENTS. 

Introduction. The Generation and Distribution of Power. The Electric 
Motor. The Application of Electric Power. Electric Power in Collieries. 
Electric Power in Engineering Workshops. Electric Power in Textile 
Factories. Electric Power in the Printing Trade. Electric Power at Sea. 
Electric Power on Canals. Electric Traction. The. Overhead System and 
Track Work. The Conduit System. The Surface Contact System. Car 
Building and Equipment. Electric Railways. Glossary. Index. 


8 vo. Cloth. 217 pp. 38 Illus. $2.50 Net 


Elements of Electric Traction 


By L. W. Gant. 


CONTENTS. 

Introduction. Principles of Magnetism. Principles of Electricity. 
Principle of the Dynamo. Principle of the Continuous-Current Motor Power 
and Power Measurement. Mechanics of Traction. Characteristics Properties 
M Continuous-Current Motors. Application of Motors to Traction. Brakes. 

dex. 


_8 vo. Cloth 218 рр. 108 Illus. $2.00 Net 


Laboratory Work in Electrical Engineering 


(PRELIMINARY GRADE) 
By JOHN ROBERTS, Jr. 


CONTENTS. 
The Graphical Representation of Experimental Results. Section 0.— 
Verification of Ohm’s Law. Section R.—Measurement of Resistance. 


Section E.—Measurement of E.M.F. Section C.—Measurement of Current. 
Section P.—The Potentiometer. Section K.—Calibration of Electrical 
Measuring Instruments. Section M.—Miscellaneous Experiments. Appendix 
I. Appendix II. 


D. Van Nostrand Со. 2 vi 32 New York 


PROCEEDINGS 


OF THE 


American Institute 


OF 


Electrical Engineers 


Dol XXUII | Р С ‚ SOC. 
знане September, 1908 Y... 55.00. 


CONTENTS 


Section I. Notes and Comments 


Transactions for 1907 - - = - - & d 
Institute Committees - - = - - - } 
Líterary Thieves - - - - EP 
Applications for Election and Transter - - - = Ж 
Professor Anthony at Cornell - - - - = УЙ 
Closíng Session, Atlantic City. Convention - - - “АШ: 
University Branches - - - - - 8 
Advantages of Membership їп the А. LE E. - - - 12 
Sectíons and Branches - - - 14 
Associates Elected and Transferred, August м, 0 - - 15 
Personal - - 9 
Books Received - - - - - - - 20 


Section II. Papers, Discussions, and Reports 


Methods for Locating Transpositions of Wires and Split Pairs in 
ted женет, and bag oe h Cables, by Нелеу У. Fisher, 
Pittsburgh Section, October 2, 1907 - 1437 


Calculation of the Starting Torque of Single-Phase доное 
Motors with Phase-Splitting sei ЕТ Devices, by j, Е. 
Hanss?n, Pittsburgh Section, May 6, - 1449 


Discussion on “ The Determination of the E ad ieia of 
Sub-Statíons їп Electric Railways,” mace ay, М. )., 
July 1, 1908 - - 1452 
Discussion on ** Com ишег Tests of PETEN ANEN De- 
vices оп the Taylor's Falls Transmission System,” and 
“Studies in Lightning каналы, seison 1907," New 
York, May 19, 1908 - - 1454 


Index to Advertisements  - - - - - - fi 


Copyrighted 1908, by the Amer- 
ICAN INSTITUTE OF ELECTRICAL 
Encineers. Permission is given 
10 reprint any matter provided 
Proper credit is giver. 


Entered as matter of the second 
class гї the post-office, New York, 
N.Y.. December 17 1904, under 
ра of Congress, March 3, 
189 


Fifth Edition, Completely Revised and Enlarged, with Four-fifths 
of Old Matter Replaced by New, Up-to-date Material. Pocket 


THE NEW FOSTER | 


size, flexible leather, elaborately illustrated, with an exten- 
sive index, 1636 pp., Thumb Index, etc. Price $5.00. 


ELECTRICAL | 
ENGINEER'S POCKETBOOK 
| 


The Most Complete Book of Its Kind Ever Published, Treating of 
the Latest and Best Practice in Electrical Engineering. 


By HORATIO A. FOSTER 


Member Am. Inst. E. E., Member Am. Soc. М.Е. 


( With the collaboration of eminent specialists ) 


CONTENTS 
Symbols, Units, Instru- | The Static Transformer | Telephony 
ments Standardization Rules Electricity in the U. S. 
Measurements Illuminating Engineering Army 
Magnetic Properties of | Electric Lighting (Arc) Electricity in the-U. S. 
Electro-magnets [Шоп | Electric Lighting (Incan- Navy 
Properties of Conductors descent) Resonance 
Relations and Dimen- | Electric Street Railways | Blectric Automobiles 
sions of Conductors | Electrolysis Electro-chemistry and 
Underground Conduit | Transmission of Power Electro-metallurgy 
Construction Storage Batteries X-Rays 
Standard Symbols Switchboards Electric Heating, Cook- 
Cable Testing Lightning Arresters ing and Welding 
Dynamos and Motors Electricity Meters Lightning-Conductors 
Tests of Dynamos and | Wireless Telegraphy Mechanical Section 


Motors Telegraphy Index 


D. Van Nostrand Company 
Publishers and Booksellers 
23 Murray and 27 Warren Streets, New York 


| Google 


PROCEEDINGS 


OF THE 


American Institute 


OF 


Electrical Engineers 


Vol XXVIII Рег С ‚ $ Ос. 
нака? о October, 1908 лал. КЕШ. | 


CONTENTS 


Section I. Notes and Comments 


October Meeting of the Institute - 
Electric Cables - - 
New Home of the I. E. E. 
Forestry at Biltmore 
Applications for Election 
Sections and Branches 
Personal - - 


бё oe 
Бе $3 
Ж - Poe АГ 
+E Дь Ж? gu d 
ПИ ТШЕ, ae 
-H ДЕА 
СО © ON = 


y 


Section II. Papers, Discussions, and Reports 


High-Potential Underground Transmission, by Peter Junkersfeld 
and E. O. Schweitzer, New York, October 9, 1908 - 


Discussion at Atlantic City Convention, June 29-July 2, 


1908. 
“ Electricity as Viewed by the Insurance E ineer. Should the 
A. L E. E. Interest Itself in Fire Protection?” 1492 
“The Measurements of Rotary Speed of Dynamo Machines by 
{Бе Stroboscopic Fork.” 1493 
" е Power Development in the National Forests. А Sug- 
| ested Government Policy.” 1496 
“А Study of Multioffice Automatic Switchboard Telephone 
Systems." 1514 
* Engineering "Features of the Southern Power Company's > 
“ Fundamental Considerations Governing the Design of Trans- 
mission Line Structures." - - 1528 
* Double-Deck Steam Turbine Power "Plants." - 1534 
“Induction Motors for Multispeed Service with Particular Refer- 
ence to Cascade Operation." А - 1537 
,П— 
Index to Advertisements - ` - - - - - tí 


Copyrighted 1908, by the Amer- 


i Entered as matter of the second 
ICAN INSTITUTE OF ELECTRICAL : 


class гї the post-office, New York, 
N.Y. December 17. 1904, under 
T АЯ of Congress, March 3, 
1 у 


ENGcGiNEERS. Permission is given 
to reprint any matter provided 
proper credit is giver. 


IHE NEW FOSTER | 


Fifth Edition, Completely Revised. and bise with Four-fifths 
of Old Matter Replaced by New, Up-to-date Material. Pocket 
size, flexible leather, elaborately illustrated, with an exten- 
sive index, 1636 pp., Thumb Index, etc. 


| ELECTRICAL. 
ENGINEER'S 


By HORATIO A. FOSTER 


Member Am Inst. E E., Member Am. Soc. M. E. 


( With the collaboration of eminent specialists ) 


Symbols, Units, Instru- 
ments 

Measurements 

Magnetic Properties of 

Electro-magnets [Iron 

Properties of Conductors 

Relations апа Dimen- 
sions of Conductors 

Underground Conduit 
Construction 

Standard Symbols 

Cable Testing 

Dynamos and Motors 

Tests of Dynamos and 
Motors 


D. Van Nostrand Company - 


| Publishers and Booksellers 
23 Murray and 27 Warren Streets, New York - 


CONTENTS 


The Static Transformer 
Standardization Rules 
Illuminating Engineering 
Electric Lighting (Arc) * 
Electric Lighting (Incan- 
descent) 
Electric Street Railways 
Electrolysis 
Transmission of Power 
Storage Batteries 
Switchboards 
Lightning Arresters 
Electricity Meters 
Wireless Telegraphy 
Telegraphy 


"nm Goegle 


S POCKETBOOK 


The Most Complete Book of Its Kind Ever Published, Treating of - 
the Latest and Best Practice 1 in Electrical Engineering. с: 


Ргїсе $5.00. 


Telephony 
grins in the U. S. 


Arm 
Electricity in the U. S. 
Navy - 
Resonance 
Electric Automobiles 
Electro-chemistry and 
Electro-metallurgy 
X-Rays 
Electric Heating, Cook- 
ing and Welding 
Lightning Conductors 
Mechanical Section 
Index 


|| 
IE 
| 
|| 
|| 


" 
TIN 
I 
ЖЕ, | ' 
j 


з: 


m 


е9. 


PROCEEDINGS 


OF THE 


PRINS И 
qm € 
NOV 13 1918 


^^^ s, 


an Institute 


OF 


al Engineers 


Uot ххот А 
Жылан 11 November, 1908 PerYear, $5.00. 


Per Copy, 50c 


CONTENTS 


Section I. Notes and Comments 
INovember Meetíng A. I. E. E. - Р p 


December Meeting A: I. E. E. - - - A 
Minutes of debe: Meeting of the Institute - + · 
Formal Presentation of the Scott Testimonial at | Atlantic City, 
June 30, 1908 - - - - = m 
Applications for Election = - - - - - - 6 
ig rier for Transfer — - - - E - - 7 
Philadelphia Section - - - - Я 
Sectíons and Branches - - - - - - 10 
Personals - - - - - | - - 17 
4 Obituary - - - - - - - - 22 
Library Accessíons  - - - - - 23 
Section II. Papers, Discussions, and Reports 
Alternating-Current Feeder єт наш by У. 5. Moody, Toronto 
Sectíon, February 20, 1 1543 
Discussion on “ Mani ere шый Е ceder Regulators," Toronto 
| Section, February 2 156] 


Discussion at Atlantic City Convention 
June 29-July 2, 1908. 
“А Trigonometric Method for the Solution of Alternating- 
Current Problems.” - 1564 
“ Notes on the Electric Heating Plant of the Biltmore Estate.” - 4567 
“ The Relative Proportions of Copper and Iron in Alternators.” - 1569 
“Primary Standard of Light." — - 1571 
* Measurements of Lightning, Aluminum Lightni -Arresters, 
Earth зеруу фонд Cement Resistances, and Kindred Tests,” 
* Tests with Arcing Grounds and Connections,” ** Critical 
d fake Lightning Records on Taylor’s Falls Transmis- 


- 1583 
“ Graphical Treatment of the Rotating Field. ‘a - 1606 
Index to Advertisements - - - - - - ii 


Copyrighted 1908, by the Amer- 
ICAN INSTITUTE OF ELECTRICAL . 
Емсімвевѕ. Permission is given 
tO reprint any matter provided 
Proper credit is given. 


Entered as matter of the second 
с et the post-office, New York, 
N.Y.. December 17, 1904, under 
n of Congress, March 3, 


THE NEW FOSTER 


————— — 
a: FIFTH EDITION 


Completely Revised and Enlarged, with 
Four-fifths of Old Matter replaced by New, 
Up-to-date Material. Pocket-size, Flex- 
ible Leather, Elaborately Illustrated, with 
Extensive Index and THUMB INDEX. 


1636 pp., $5.00 Net 


_ Electrical Епотпеег 5 
So Pocketbook 


TS Pocket Book 


Foster 


E 
^ 
~ 
~ 
— 
~ 
о: 
~ 
{чы 
а 


} 


— 


Flectrical 


The most complete book of its kind ever published 
Treating of the latest and best practice in Elec. Engineering 


By HORATIO A. FOSTER 


Member А. 1. E. E., Member Am. Soc. М.Е. 
(With the collaboration of eminent specialists) 


CONTENTS. 

Electrical Engineering Symbols.—Electrical Engineering Units.— Descriptions 
of Instruments.—Resistance Measurement.— Measurement of E.M.F.—Measure- 
ment of Capacity.—Measurement of Inducíance.— Measurement of Power on 
Alternating-Current Circuits.— Tests with Voltmeter.—Determination of Magnetic 
Properties of Iron and Steel. —Determination of Wave Form of E.M.F. and Cur- 
rent.—Conductors, Properties of Conductors, Relation and Dimensions of, for 
Transmission of Electric Current.— Transmission of Power.—Switch-boards and 
Switching Devices.—Cable Testing.—Electromagnets.—Dynamos and Motors.— 
Static Transformers.—Electric Lighting.—Electric Railways.— Storage Batteries. 
—Telegraph. — Telephone. — Electro-Chemistry.—Electro-Metallurgy.— Electric 
Heating, Welding and Cooking.—Electricity Meters.—Lightning Arresters.— 
Lightning Conductors —National Code Rules and Requirements.— Miscellaneous 
Electrical Data.—Automobiles.—X-Rays.— Wireless Telegraphy.—Resonance.—— 
Certain Uses of Electricity in U.S. Army and Navy.— Mechanical Section. —Index: 


D. Van Nostrand Company 


PUBLISHERS “AND /BOOKSELLERS 
23 Murray and 27 Warren Street, New York 


e OO le 


PROCEEDINGS 


OF THE 


American Institute 


OF 


Electrical Engineers 


Volume XXUII Per Copy, $1.00 
Number 12 December, 1908 Per Year, $10.00 
CONTENTS 
Section I. Notes and Comments 
December Meeting A. I. E. E., New York, December 11, 1908 - 1 
Minutes of Мотиви Meeting А. I. Е. Е. - - - v # 
Applications for Election - - - - - - 4 
Applications for Transfer — - - - - - = 9 
Sections and Branches - - - - - =. 23 
Personal - - - 16 
Annual Meetíng. A. s. M. E, New York, December 1-4, 1908 - 18 
Obituary - - - 19 
Library Accessíons  - - - - - > - 20 
Section II. Papers, Discussions, and Reports 
‘The =. of the New Haven Potctrilication, ый У. 5. Murray, 
ew York, December 11, 1908 
Discussion at Atlantic City Convention 
June 29-July. 2, rums 
* High Voltage Experiments at Niagara ” - - 1661 
. “ The Testing of -Voltage Line Insulators v 1687 
“A New Large eiks for Niagara Falls,” “ Application of : 
Fractional-Pitch Windings to Alternatíng-Current Genera- 
tors,” and “ Modern Deviiopments in ngle Phase Gen- 
erators ”” - - 1694 
“ The General Equations of the Electric Circuit e 1706 
“ An Imperfection in the Usual Statements of the Fundamental 
Law of Electromagnetic Induction ” - - 1718 
“The Evolution of Engineering - - 1729 
* From Steam to Electricity on а, Si le- "Track Road _ - 1730 
“ Working Results from Gas-Electric ower Plant " - - 1737 
* Three-Phase Power-Factor ” - - 1740 
Index to Advertisements - - - - - - ii 


Copyrighted 1908, by the Amer- 
ICAN INSTITUTE OF ELBCTRICAL 
ENGINEERS. Permission is given 
to reprint any matter provided 
proper credit is given. 


Entered as matter of the second 
class ət the post-office, New York, 
N.Y.. December 17. 1904, under 
ла of Congress, March 3 


THE NEW FOSTER 


FIFTH EDITION 


Completely Revised and Enlarged, with 
Four-fifths of Old Matter replaced by New, 
Up-to-date Material. Pocket-size, Flex- 
ible Leather, Elaborately Illustrated, with 
Extensive Index and THuMB INDEX. 


1636 pp., $5.00 


Electrical Engineer’s 
Pocketbook 


The most complete book of its kind ever published 
Treating of the latest and best practice in Elec. Engineering 


| 


Pocket Book 


> trea 7" 


Engineers 


^ 
‚> 
Le 


Fectrícat 


By HORATIO A. FOSTER 


Member A. 1. E. E., Member Am. Soc. M. E. 
(With the collaboration of eminent specialists) 


CONTENTS. 

Electrical Engineering Symbols.—Electrical Engineering Units.—Descriptions 
of Instruments.—Resistance Measurement.— Measurement of E.M.F.—Measure- 
ment of Capacity.—Measurement of Inductance.— Measurement of Power on 
Alternating-Current Circuits.—Tests with Voltmeter.—Determination of Magnetic 
Properties of Iron and Steel. —Determination of Wave Form of E.M.F. and Cur- 
rent.—Conductors, Properties of Conductors, Relation and Dimensions of, for 
Transmission of Electric Current.—Transmission of Power.—Switch-boards and 
Switching Devices.—Cable Testing.—Electromagnets.—Dynamos and Motors.— 
Static Transformers.—Electric Lighting.—Electric Railways.— Storage Batteries. 
— Telegraph. — Telephone. — Electro-Chemistry.—Electro-Metallurgy.—Electric 
Heating, Welding and Cooking.—Electricity Meters.— Lightning Arresters.— 
Lightning Conductors —National Code Rules and Requirements.—Miscellaneous 
Electrical Data.—Automobiles.—X-Rays.—Wireless Telegraphy.—Resonance.— 
Certain Uses of Electricity in U.S. Army and Navy.—Mechanical Section.—Index. 


D. Van Nostrand Company 


'PUBLISHERS AND BOOKSELLERS 
23 Murray and 27 Warren Street, New York 


| Google 


ТЕЕ Google 


